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Date: October 11, 2001

To: Hospital Emergency Room Directors
Emergency Room Physicians
Urgent Care, Clinic, and Primary Care Physicians
Laboratory Directors
Emergency Medical Services Personnel

From: Richard J. Burton, M.D., M.P.H., Health Officer and
Mark J. Miller, P.H.M., C.M.S., Director of Communicable Disease Control

Re: RECOGNIZING BIOTERRORISM AGENTS

It is crucial that emergency room physicians and other clinicians have a clear understancing of
how to recognize a patient presenting with possible exposure to a biological agent that may be
used by terrorists.  Although this situation has not presented in Placer County, there are truly
dire consequences of not recognizing a potential incident and reporting it to the Public Health
Department.

We all remember the medical school adage, " When you hear hoofbeats, think horses, not
zebras."  But now, the public health and medical community is challenged by the threat of
bioterrorism incidents.  It is vital that we learn how to recognize a zebra among the horses by
increasing awareness of the clinical syndromes of each potential bioterrorism agent.

The Zebra Packet is designed to assist you in responding properly to a possible patient
exposure.  The Public Health Department is distributing the enclosed materials to all local
emergency rooms in order to maintain a written guideline for use by emergency departments,
clinics, and primary care clinicians.  We hope you will post the laminated disease cards in your
offices.  We will provide additional information that can be inserted into the Zebra Packet binder
as it becomes available.

In the Zebra Packet you will find:
1. Public Health Department Reporting Instructions
2. Laminated Disease Syndrome Cards for the six primary agents of bioterrorism
3. Reference material

If you have additional questions, please call the Health and Human Services, Communicable
Disease Control office at (530) 889-7141.  After hours call:  Health Officer, Richard J. Burton,
M.D., M.P.H., at (530) 889-7119.
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DETECTING BIOTERRORISM
The Clinician’s Role

Health care providers will be �first responders� in the event of a bioterrorism attack or other public health
emergency. Early detection by astute clinicians and rapid reporting to the local health department
will be critical in minimizing the impact of a bioterrorism event or other disaster.

Bioterrorism attacks are likely to present as acute outbreaks of an unusual syndrome, or outbreak of
illnesses in the �wrong� season, or geographic area.

If you see patient(s) with any of the following clinical syndromes:
1. Acute severe pneumonia or respiratory distress
2. Encephalopathy
3. Acute onset neuromuscular symptoms
4. Otherwise unexplained rash with fever
5. Fever with mucous membrane bleeding
6. Unexplained acute icteric sydromes
7. Massive diarrhea with dehydration and collapse

In the setting of any of the following:

1. Atypical host characteristics:
•  Young (< 50 years)
•  Immunologically intact
•  No underlying illness
•  No recent international travel or other exposure to potential source of infection

2. Serious, unexpected, acute illness
•  Abrupt onset
•  Prostration
•  Cardiovascular collapse
•  Respiratory distress
•  Obtundation/change in mental status
•  Disseminated intravascular coagulation

3. Multiple similarly presenting cases, especially if
•  Geographically associated, or
•  Closely clustered in time

4. Increases in common syndromes occurring out of season
•  Influenza-like-illness in the summer

Please call the Placer County Health and Human Services, Communicable Disease Control
immediately. We would like to hear from you even if you only have some suspicion that something
isn’t quite right.

During business hours (M-F, 8 am � 5 pm) (530) 889-7141
After hours, call county communications and ask
to speak with the Health Officer or Disease Control Officer (530) 889-7119

Public Health Laboratory (specimen submission, routing info) (530) 889-7205
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11484 B Aven
Physicians and health care providers must report the following conditions.
, lab-confirmed, and/or clinical diagnoses are reportable within specified time intervals.

Reporting enables appropriate public health interventions.
.
PHONE (530) 889-7141 0R

FAX (530) 889-7198

ONE WORKING DAY:

Amebiasis
Anisakiasis
Babesiosis
Campylobacteriosis
Colorado Tick Fever
Cryptosporidiosis
Encephalitis (infectious)
Ehrlichiosis
Haemophilus influenzae
(invasive)
Hepatitis A
Listeriosis
Lymphocytic choriomeningitis
Malaria
Meningitis
Neonatal conjunctivitis
Pertussis

Any food- or water-borne illness

Psittacosis
Poliomyelitis
Q Fever
Relapsing Fever
RMSF
Salmonellosis
Shigellosis
Streptococcal Infections
  Food handlers and
  Dairy workers only
Syphilis
Swimmer�s itch
Trichinosis
Typhoid
Typus Fever
Tuberculosis
Vibrio infections
Yersiniosis
Anthrax
Botulism
Cholera
Dengue
Diptheria
E-coli O157 infection
Hantavirus infections
Hemolytic Uremic
Syndrome
Measles
Meningococcal infections
Plague (any form)
Rabies (any form)
Seafood poisoning
  Domoic Acid
  Ciguatera
  Scrombroid
  Paralytic Shellfish
Viral Hemorrhagic Fevers
Yellow Fever
Outbreaks
  Neonatal diarrhea
ITHIN ONE WEEK:

PID
Reye�s syndrome
Rheumatic fever, acute
Rubella
infections/sndrome
Tetanus
Toxic shock syndrome
Toxoplasmosis
Tuleremia
VRE

y Heal
ue, Au
Hepatitis B,C,D
Hepatitis, other viral
Kawasaki�s syndrome
Legionellosis
Leprosy
Leptospirosis
Lyme Disease
MRSA
Mumps
NGU
Monday – Friday 8 AM to 5 PM, call:
th and Human Services, Communicable Disease Control
burn, California 95603   (530) 889-7141   FAX (530)-889-7198
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Selected Biowarfare Agent Characteristics

Disease Symptoms Person-to-
Person

transmission

Infective Dose (Aerosol) Incubation
Period

Duration of
Illness

Lethality Persistance of
Organism

Treatme
nt

Inhalation
anthrax

Fever, malaise, cough, respiratory
distress

No 8,000-50,000 spores 1-6 days 3-5 days (usually
fatal if untreated)

High spores remain viable in
soil for > 40 yrs

Ciprofloxacin
Doxycycline

Pneumonic
Plague

High fever, chills, headache, productive
cough � watery then bloody

High <100 organisms 2-3 days 1-6 days (usually
fatal)

High unless
treated within
12-24 hours

For up to 1 year in soil;
270 days in live tissue

Streptomycin

Gentamycin or
Chloramphenic
ol

Botulism Dry throat, blurred vision, slurred
speech, difficulty swallowing,
progressive descending symmetrical
paralysis

No 0.001 µg/kg is LD50 for
type A

12-36 hours (range
up to several days)

Death in 24-72
hours; lasts
months if not
lethal

High without
respiratory
support

For weeks in non-
moving water and food

Antitoxin
Supportive care

Smallpox Non-specific flu-like prodrome (malaise,
fever, headache) then synchronously
evolving maculopapular rash progressing
to vesicles then pustules

High Assumed low (10-100
organisms)

12-14 days (range
7-17 days)

4 weeks High to
moderate

Very stable ?Cidofovir

Brucellosis Irregular fever, chills, headache, malaise,
cough and chest pain in 20%,
osteoarticular disease

No 10�100 organisms 5-60 days (average
1-2 months)

Weeks to months ≤5% untreated 6 weeks in dust and 10
weeks in soil or water

Doxycycline +
    Rifampin

Tularemia Fever, headache, malaise, weight loss,
nonproductive cough

No 10-50 organisms 3-6 days (range 1-
21 days)

≥ 2 weeks Moderate if
untreated

For months in moist
soil or other media

Streptomycin
Gentamycin

Q Fever Fever, chills, headache, diaphoresis,
malaise, fatigue, anorexia, and weight
loss

Rare 1-10 organisms 7 days (range 2-14
days)

Weeks Very low Able to withstand heat
and drying; persists in
environment for weeks
to months

Tetracycline
Doxycycline

Viral
Encephalitdes

Fever, rigors, severe headache,
photophobia, malaise, nausea, vomiting,
diarrhea may follow

Low 10-100 organisms 1-5 days Days to weeks Variable Relatively unstable in
the environment

Supportive care

Viral
Hemorrhagic
Fevers

Fever, malaise, myalgia, prostration;
vascular permeability may present as
conjunctival injection and petechial
hemmorage and progress to mucous
membrane hemmorhage and shock

Moderate 1-10 organisms 4-21 days Days to weeks 5 � 90 % case
fatality rate
depending on
virus

Relatively unstable in
the environment

Ribavirin
Supportive care

Staph
Enterotoxin B

Sudden onset fever, chills, headache,
myalgias, non-productive cough

No 30 ng/person
incapacitation

3-12 hours after
inhalation

Days <1% Resistant to freezing Supportive care

Ricin Depends on route of exposure. Aerosol
route: fever, chest tightness, cough,
hypothermia. Oral route: gastrointestinal
hemmorhage

No 3-5µg/kg is LD50 18-24 hours Days. Death
within 10-12
days for
ingestion

High Stable Inhalation:
supportive
GI: lavage,
charcoal,
cathartics

T-2
Mycotoxins

Skin pain, redness, necrosis, sloughing of
epidermis, wheezing, chest pain,
hemoptysis

No Moderate Minutes to hours Variable. Death
may occur in
min., hrs. or days

Moderate For years at room
temperature

Supportive
care

LD50 = Lethal Dose µg/kg
Ricin and botulinum are lethal at all levels.
? = may be effective                                                                                                                                                       Source: Adapted from Medical Management of Biological Casualties � USAMRID 1998



Last Revised 10/19/01

SMALLPOXSMALLPOXSMALLPOXSMALLPOX

ALL SUSPECT CASES OF SMALLPOX MUST BE REPORTED IMMEDIATELY TO THE  HEALTH AND
HUMAN SERVICES COMMUNICABLE DISEASE CONTROL:

During business hours: (530) 889-7141
After hours (Health Officer Richard J. Burton, M.D., M.P.H.): (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the Placer
County Office of Emergency Services at (530) 886-5300 during business hours, or 24-hour dispatch at

(530) 886-5375 after business hours.)

EpidemiologyEpidemiologyEpidemiologyEpidemiology::::

•  Highly infectious after aerosolization
•  Person-to-person transmission can occur via droplet nuclei or aerosols expelled from

the oropharynx and by direct contact
•  Contaminated clothing or bed linens can also spread the virus
•  About 30% of susceptible contacts will become infected

Clinical:Clinical:Clinical:Clinical:
•  Incubation period is 12-14 days (ranges 7-17 days)
•  Characteristic rash appears 2-3 days after nonspecific, flu-like prodrome (fever and

headache)
•  Maculopapular rash begins on mucosa of mouth and pharynx, face, hands, forearms and

spreads to legs and centrally to trunk; lesions are more predominant on the face and
extremities than on the trunk.

•  Lesions progress synchronously on any given part of the body from macules to papules to
vesicles to pustules to crusty scabs

Laboratory DiagnosisLaboratory DiagnosisLaboratory DiagnosisLaboratory Diagnosis::::
•  Mask and gloves should be worn by person obtaining specimen, preferably a person who

has been recently vaccinated
•  Vesicular fluid is obtained by opening lesions with the blunt edge of a scalpel, harvesting

fluid with a cotton swab; scabs can be removed by forceps. Swabs and scabs should be
placed in a vacutainer, sealed with tape, and placed in a second, durable, watertight
container

•  Laboratory specimens must be handled in a Biosafety Level 4 facility (e.g. CDC) and will be
evaluated with electron microscopy and cell culture

•  Contact the Placer County Public Health Laboratory for assistance.

Patient IsolationPatient IsolationPatient IsolationPatient Isolation::::
•  Strict isolation in negative pressure room (high efficiency particulate air filtration ideal) from

onset of rash until all scabs separate
•  Laundry and waste should be autoclaved before being laundered or incinerated

Treatment:Treatment:Treatment:Treatment:
•  Supportive care is the mainstay of therapy
•  In-vitro antiviral activity against poxviruses has been shown with adefovir, cidofovir,

dipivoxil, and ribavirin. (Animal studies suggest that cidofovir may be most effective).

ProphylaxisProphylaxisProphylaxisProphylaxis::::
•  Smallpox vaccine would be required for all persons exposed at the time of the bioterrorist

attack or anyone with close personal contact with a smallpox case
•  Vaccine is most effective if given before of within 3 days of exposure
•  Ideally, all exposed persons should be placed in strict quarantine for 17 days after last

contact with a smallpox case
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Smallpox as a Biological Weapon
Medical and Public Health Management
Donald A. Henderson, MD, MPH
Thomas V. Inglesby, MD
John G. Bartlett, MD
Michael S. Ascher, MD
Edward Eitzen, MD, MPH
Peter B. Jahrling, PhD
Jerome Hauer, MPH
Marcelle Layton, MD
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Tara O’Toole, MD, MPH
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THIS IS THE SECOND ARTICLE IN

a series entitled Medical and
Public Health Management Fol-
lowing the Use of a Biological

Weapon: Consensus Statements of the
Working Group on Civilian Biode-
fense.1 The working group has identi-
fied a limited number of widely known
organisms that could cause disease and
deaths in sufficient numbers to cripple
a city or region. Smallpox is one of the
most serious of these diseases.

If used as a biological weapon, small-
pox represents a serious threat to ci-
vilian populations because of its case-
fatality rate of 30% or more among
unvaccinated persons and the absence
of specific therapy. Although small-
pox has long been feared as the most
devastating of all infectious diseases,2

its potential for devastation today is far
greater than at any previous time. Rou-

tine vaccination throughout the United
States ceased more than 25 years ago.
In a now highly susceptible, mobile
population, smallpox would be able to
spread widely and rapidly throughout
this country and the world.

CONSENSUS METHODS
Members of the working group were
selected by the chairman in consulta-
tion with principal agency heads in
the Department of Health and Human
Services (DHHS) and the US Army
Medical Research Institute of Infec-
tious Diseases (USAMRIID).

The first author (D.A.H.) con-
ducted a literature search in conjunc-
tion with the preparation of another

Author Affiliations: The Center for Civilian Biode-
fense Studies (Drs Henderson, Inglesby, Bartlett,
O’Toole, Perl, and Russell), and the Schools of Public
Health (Drs Henderson, O’Toole, and Russell) and
Medicine (Drs Inglesby, Bartlett, and Perl), Johns Hop-
kins University, Baltimore, Md; Viral and Rickettsial Dis-
eases, California Department of Health, Berkeley (Dr
Ascher); US Army Medical Research Institute of In-
fectious Diseases, Frederick, Md (Drs Eitzen, Jahr-
ling, and Parker); Office of Emergency Management
(Mr Hauer) and Office of Communicable Disease, New
York City Health Department (Dr Layton), New York,
NY; Centers for Disease Control and Prevention, At-
lanta, Ga (Dr McDade); Acute Disease Epidemiol-
ogy, Minnesota Department of Health, Minneapolis
(Dr Osterholm); and Office of Emergency Prepared-
ness, Department of Health and Human Services, Rock-
ville, Md (Dr Tonat).
Corresponding Author and Reprints: Donald A.
Henderson, MD, MPH, Johns Hopkins Center for Ci-
vilian Biodefense Studies, Johns Hopkins University,
Candler Bldg, Suite 850, 111 Market Pl, Baltimore, MD
21202 (e-mail: dahzero@aol.com).

Objective To develop consensus-based recommendations for measures to be taken
by medical and public health professionals following the use of smallpox as a biologi-
cal weapon against a civilian population.

Participants The working group included 21 representatives from staff of major medi-
cal centers and research, government, military, public health, and emergency man-
agement institutions and agencies.

Evidence The first author (D.A.H.) conducted a literature search in conjunction
with the preparation of another publication on smallpox as well as this article. The
literature identified was reviewed and opinions were sought from experts in the di-
agnosis and management of smallpox, including members of the working group.

Consensus Process The first draft of the consensus statement was a synthesis of
information obtained in the evidence-gathering process. Members of the working group
provided formal written comments that were incorporated into the second draft of
the statement. The working group reviewed the second draft on October 30, 1998.
No significant disagreements existed and comments were incorporated into a third
draft. The fourth and final statement incorporates all relevant evidence obtained by
the literature search in conjunction with final consensus recommendations supported
by all working group members.

Conclusions Specific recommendations are made regarding smallpox vaccination,
therapy, postexposure isolation and infection control, hospital epidemiology and in-
fection control, home care, decontamination of the environment, and additional re-
search needs. In the event of an actual release of smallpox and subsequent epidemic,
early detection, isolation of infected individuals, surveillance of contacts, and a fo-
cused selective vaccination program will be the essential items of an effective control
program.
JAMA. 1999;281:2127-2137 www.jama.com

©1999 American Medical Association. All rights reserved. JAMA, June 9, 1999—Vol 281, No. 22 2127



publication on smallpox2 as well as this
article. The literature was reviewed and
opinions were sought from experts in
the diagnosis and management of small-
pox, including members of the work-
ing group.

The first draft of the working group’s
consensus statement was the result of
synthesis of information obtained in the
evidence-gathering process. Members of
the working group were asked to make
written comments on the first draft of the
document in September 1998. Sug-
gested revisions were incorporated into
the second draft of the statement. The
working group was convened to review
the second draft of the statement on Oc-
tober 30, 1998. Consensus recommen-
dations were made and no significant dis-
agreements existed at the conclusion of
this meeting. The third draft incorpo-
rated changes suggested at the confer-
ence and working group members had
an additional opportunity to suggest fi-
nal revisions. The final statement incor-
porates all relevant evidence obtained by
the literature search in conjunction with
final consensus recommendations sup-
ported by all working group members.

This article is intended to provide the
scientific foundation and initial frame-
work for the detailed planning that
would follow a bioterrorist attack with
smallpox. This planning must encom-
pass coordinated systems approaches to
bioterrorism, including public policies
and consequence management by local
and regional public and private institu-
tions. The assessment and recommen-
dations provided herein represent the
best professional judgment of the work-
ing group at this time based on data and
expertise currently available. The con-
clusions and recommendations need to
be regularly reassessed as new informa-
tion becomes available.

HISTORY AND POTENTIAL
AS A BIOWEAPON
Smallpox probably was first used as a
biological weapon during the French
and Indian Wars (1754-1767) by Brit-
ish forces in North America.3 Soldiers
distributed blankets that had been used
by smallpox patients with the intent of

initiating outbreaks among American
Indians. Epidemics occurred, killing
more than 50% of many affected tribes.
With Edward Jenner’s demonstration
in 1796 that an infection caused by
cowpox protected against smallpox
and the rapid diffusion worldwide of
the practice of cowpox inoculation (ie,
vaccination),4 the potential threat of
smallpox as a bioweapon was greatly
diminished.

A global campaign, begun in 1967 un-
der the aegis of the World Health Or-
ganization (WHO), succeeded in eradi-
cating smallpox in 1977.1 In 1980, the
World Health Assembly recommended
that all countries cease vaccination.5 A
WHO expert committee recommend-
ed that all laboratories destroy their
stocks of variola virus or transfer them
to 1 of 2 WHO reference laboratories—
the Institute of Virus Preparations in
Moscow, Russia, or the Centers for Dis-
ease Control and Prevention (CDC) in
Atlanta, Ga. All countries reported com-
pliance. The WHO committee later rec-
ommended that all virus stocks be de-
stroyed in June 1999, and the 1996
World Health Assembly concurred.6 In
1998, possible research uses for variola
virus were reviewed by a committee of
the Institute of Medicine (IOM).7 The
IOM committee concluded, as did the
preceding WHO committee, that there
were research questions that might be
addressed if the virus were to be re-
tained. However, the IOM committee did
not explore the costs or relative prior-
ity to be assigned to such an effort, and
that committee was not asked to weigh
the possible benefits resulting from such
research activities contrasted with the
possible benefits resulting from an in-
ternational decision to destroy all virus
stocks. These considerations will be
weighed and decided by the 1999 World
Health Assembly.

Recent allegations from Ken Ali-
bek, a former deputy director of the So-
viet Union’s civilian bioweapons pro-
gram, have heightened concern that
smallpox might be used as a bio-
weapon. Alibek8 reported that begin-
ning in 1980, the Soviet government
embarked on a successful program to

produce the smallpox virus in large
quantities and adapt it for use in bombs
and intercontinental ballistic missiles;
the program had an industrial capac-
ity capable of producing many tons of
smallpox virus annually. Further-
more, Alibek reports that Russia even
now has a research program that seeks
to produce more virulent and conta-
gious recombinant strains. Because fi-
nancial support for laboratories in Rus-
sia has sharply declined in recent years,
there are increasing concerns that ex-
isting expertise and equipment might
fall into non-Russian hands.

The deliberate reintroduction of
smallpox as an epidemic disease would
be an international crime of unprec-
edented proportions, but it is now re-
garded as a possibility. An aerosol re-
lease of variola virus would disseminate
widely, given the considerable stabil-
ity of the orthopoxviruses in aerosol
form9 and the likelihood that the in-
fectious dose is very small.10 More-
over, during the 1960s and 1970s in Eu-
rope, when smallpox was imported
during the December to April period of
high transmission, as many as 10 to 20
second-generation cases were often in-
fected from a single case. Widespread
concern and, sometimes, panic oc-
curred, even with outbreaks of fewer
than 100 cases, resulting in extensive
emergency control measures.2

EPIDEMIOLOGY
Smallpox was once worldwide in scope,
and before vaccination was practiced,
almost everyone eventually con-
tracted the disease. There were 2 prin-
cipal forms of the disease, variola ma-
jor and a much milder form, variola
minor (or alastrim). Before eradica-
tion took place, these forms could be
differentiated clinically only when
occurring in outbreaks; virological
differentiation is now possible.11,12

Through the end of the 19th century,
variola major predominated through-
out the world. However, at the turn
of the century, variola minor was first
detected in South Africa and later
in Florida, from whence it spread

MANAGEMENT OF SMALLPOX USED AS A BIOLOGICAL WEAPON
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across the United States and into Latin
America and Europe.13 Typical variola
major epidemics such as those that oc-
curred in Asia resulted in case-fatality
rates of 30% or higher among the un-
vaccinated, whereas variola minor case-
fatality rates were customarily 1% or
less.2

Smallpox spreads from person to per-
son,10,14 primarily by droplet nuclei or
aerosols expelled from the orophar-
ynx of infected persons and by direct
contact. Contaminated clothing or bed
linens can also spread the virus.15 There
are no known animal or insect reser-
voirs or vectors.

Historically, the rapidity of small-
pox transmission throughout the popu-
lation was generally slower than for such
diseases as measles or chickenpox. Pa-
tients spread smallpox primarily to
household members and friends; large
outbreaks in schools, for example, were
uncommon. This finding was ac-
counted for in part by the fact that trans-
mission of smallpox virus did not oc-
cur until onset of rash. By then, many
patients had been confined to bed be-
cause of the high fever and malaise of
the prodromal illness. Secondary cases
were thus usually restricted to those who
came into contact with patients, usu-
ally in the household or hospital.

The seasonal occurrence of small-
pox was similar to that of chickenpox
and measles—its incidence was high-
est during winter and early spring.16

This pattern was consonant with the ob-
servation that the duration of survival
of orthopoxviruses in the aerosolized
form was inversely proportional to both
temperature and humidity.9 Likewise,
when imported cases occurred in Eu-
rope, large outbreaks sometimes de-
veloped during the winter months,
rarely during the summer.17

The patient was most infectious from
onset of rash through the first 7 to 10
days of rash (FIGURE 1).17,18 As scabs
formed, infectivity waned rapidly.
Although the scabs contained large
amounts of viable virus, epidemiologi-
cal and laboratory studies indicate that
they were not especially infectious, pre-

sumably because the virions were
bound tightly in the fibrin matrix.19

The age distribution of cases de-
pended primarily on the degree of small-
pox susceptibility in the population. In
most areas, cases predominated among
children because adults were protected
by immunity induced by vaccination or
previous smallpox infection. In rural ar-
eas that had seen little vaccination or
smallpox, the age distribution of cases
was similar to the age distribution of the
population. The age distribution pat-
tern of cases in the United States pre-
sumably would be such if smallpox were
to occur now because vaccination im-
munity in the population has waned so
substantially.

MICROBIOLOGY
Smallpox, a DNA virus, is a member of
the genus orthopoxvirus.20 The ortho-
poxviruses are among the largest and
most complex of all viruses. The virion
is characteristically a brick-shaped struc-
ture with a diameter of about 200 nm.
Three other members of this genus
(monkeypox, vaccinia, and cowpox) can
also infect humans, causing cutaneous
lesions, but only smallpox is readily
transmitted from person to person.2

Monkeypox, a zoonotic disease, pres-
ently is found only in tropical rain for-
est areas of central and western Africa
and is not readily transmitted among hu-

mans.21 Vaccinia and cowpox seldom
spread from person to person.

PATHOGENESIS AND
CLINICAL PRESENTATION
Natural infection occurs following im-
plantation of the virus on the oropha-
ryngeal or respiratory mucosa.2 The in-
fectious dose is unknown but is believed
to be only a few virions.10 After the mi-
gration of virus to and multiplication
in regional lymph nodes, an asymp-
tomatic viremia develops on about the
third or fourth day, followed by mul-
tiplication of virus in the spleen, bone
marrow, and lymph nodes. A second-
ary viremia begins on about the eighth
day and is followed by fever and tox-
emia. The virus, contained in leuko-
cytes, then localizes in small blood ves-
sels of the dermis and beneath the oral
and pharyngeal mucosa and subse-
quently infects adjacent cells.

At the end of the 12- to 14-day in-
cubation period (range, 7-17 days), the
patient typically experiences high fe-
ver, malaise, and prostration with head-
ache and backache.2 Severe abdomi-
nal pain and delirium are sometimes
present. A maculopapular rash then
appears on the mucosa of the mouth
and pharynx, face, and forearms,
and spreads to the trunk and legs
(FIGURE 2).2 Within 1 to 2 days, the rash
becomes vesicular and, later, pustu-

Figure 1. Typical Temperature Chart of Patient With Smallpox Infection
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Chart shows approximate time of appearance, evolution of the rash, and magnitude of infectivity relative to
the number of days after acquisition of infection.3,26,29
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lar. The pustules are characteristically
round, tense, and deeply embedded in
the dermis; crusts begin to form on
about the eighth or ninth day of rash.
As the patient recovers, the scabs sepa-
rate and characteristic pitted scarring
gradually develops. The scars are most
evident on the face and result from the
destruction of sebaceous glands fol-
lowed by shrinking of granulation tis-
sue and fibrosis.2

The lesions that first appear in the
mouth and pharynx ulcerate quickly be-
cause of the absence of a stratum cor-
neum, releasing large amounts of virus
into the saliva.22 Virus titers in saliva are
highest during the first week of illness,
corresponding with the period during
which patients are most infectious. Al-
though the virus in some instances can
be detected in swabs taken from the oro-
pharynx as many as 5 to 6 days before

the rash develops,22 transmission does
not occur during this period.

Except for the lesions in the skin and
mucous membranes and reticulum cell
hyperplasia, other organs are seldom in-
volved. Secondary bacterial infection is
not common, and death, which usu-
ally occurs during the second week of
illness, most likely results from the tox-
emia associated with circulating im-
mune complexes and soluble variola an-
tigens.2 Encephalitis sometimes ensues
that is indistinguishable from the acute
perivascular demyelination observed as
a complication of infection due to vac-
cinia, measles, or varicella.23

Neutralizing antibodies can be de-
tected by the sixth day of rash and re-
main at high titers for many years.24

Hemagglutinin-inhibiting antibodies can
be detected on about the sixth day of
rash, or about 21 days after infection, and

complement-fixing antibodies appear
approximately 2 days later. Within 5
years, hemagglutinin-inhibiting anti-
bodies decline to low levels and comple-
ment-fixing antibodies rarely persist for
longer than 6 months.2

Although at least 90% of smallpox
cases are clinically characteristic and
readily diagnosed in endemic areas, 2
other forms of smallpox are difficult to
recognize—hemorrhagic and malig-
nant. Hemorrhagic cases are uniformly
fatal and occur among all ages and in
both sexes, but pregnant women ap-
pear to be unusually susceptible. Ill-
ness usually begins with a somewhat
shorter incubation period and is char-
acterized by a severely prostrating pro-
dromal illness with high fever and head,
back, and abdominal pain. Soon there-
after, a dusky erythema develops, fol-
lowed by petechiae and frank hemor-
rhages into the skin and mucous
membranes. Death usually occurs by the
fifth or sixth day after onset of rash.23

In the frequently fatal malignant
form, the abrupt onset and prostrat-
ing constitutional symptoms are simi-
lar. The confluent lesions develop
slowly, never progressing to the pus-
tular stage but remaining soft, flat-
tened, and velvety to the touch. The
skin has the appearance of a fine-
grained, reddish-colored crepe rub-
ber, sometimes with hemorrhages. If the
patient survives, the lesions gradually
disappear without forming scabs or, in
severe cases, large amounts of epider-
mis might peel away.23

The illness associated with variola
minor is generally less severe, with
fewer constitutional symptoms and a
more sparse rash.25 A milder form of dis-
ease is also seen among those who have
residual immunity from previous vac-
cination. In partially immune per-
sons, the rash tends to be atypical and
more scant and the evolution of the le-
sions more rapid.15

There is little information about how
individuals with different types of im-
mune deficiency responded to natural
smallpox infection. Smallpox was eradi-
cated before human immunodefi-
ciency virus (HIV) was identified and

Figure 2. Typical Case of Smallpox Infection in a Child

Day 3 Day 5 Day 7

Figure shows the appearance of the rash at days 3, 5, and 7 of evolution. Note that lesions are more dense on
the face and extremities than on the trunk; that they appear on the palms of the hand; and that they are simi-
lar in appearance to each other. If this were a case of chickenpox, one would expect to see, in any area, mac-
ules, papules, pustules, and lesions with scabs. Reproduced with permission from the World Health Organization.2

MANAGEMENT OF SMALLPOX USED AS A BIOLOGICAL WEAPON

2130 JAMA, June 9, 1999—Vol 281, No. 22 ©1999 American Medical Association. All rights reserved.



before suitable techniques became avail-
able for measuring cell-mediated im-
munity. However, it is probable that the
underlying cause of some cases of ma-
lignant and hemorrhagic smallpox
resulted from defective immune re-
sponses. Vaccination of immune-de-
ficient persons sometimes resulted in
a continually spreading primary le-
sion, persistent viremia, and second-
ary viral infection of many organs. One
such case is documented to have oc-
curred in a vaccinated soldier who had
HIV infection.26

DIAGNOSIS
The discovery of a single suspected case
of smallpox must be treated as an in-
ternational health emergency and be
brought immediately to the attention
of national officials through local and
state health authorities.

The majority of smallpox cases pre-
sent with a characteristic rash that is cen-
trifugal in distribution, ie, most dense on
the face and extremities. The lesions ap-
pear during a 1- to 2-day period and
evolve at the same rate. On any given part
of the body, they are generally at the same
stage of development. In varicella (chick-
enpox), the disease most frequently con-
fused with smallpox, new lesions ap-
pear in crops every few days and lesions
at very different stages of maturation (ie,
vesicles, pustules, and scabs) are found
in adjacent areas of skin. Varicella le-
sions are much more superficial and are
almost never found on the palms and
soles. The distribution of varicella le-
sions is centripetal, with a greater con-
centration of lesions on the trunk than
on the face and extremities.

The signs and symptoms of both
hemorrhagic and malignant smallpox
were such that smallpox was seldom
suspected until more typical cases were
seen and it was recognized that a small-
pox outbreak was in progress. Hemor-
rhagic cases were most often initially
identified as meningococcemia or se-
vere acute leukemia. Malignant cases
likewise posed diagnostic problems,
most often being mistaken for hemor-
rhagic chickenpox or prompting sur-
gery because of severe abdominal pain.

Laboratory confirmation of the diag-
nosis in a smallpox outbreak is impor-
tant. Specimens should be collected by
someone who has recently been vacci-
nated (or is vaccinated that day) and who
wears gloves and a mask. To obtain ve-
sicular or pustular fluid, it is often nec-
essary to open lesions with the blunt edge
of a scalpel. The fluid can then be har-
vested on a cotton swab. Scabs can be
picked off with forceps. Specimens
should be deposited in a vacutainer tube
that should be sealed with adhesive tape
at the juncture of stopper and tube. This
tube, in turn, should be enclosed in a sec-
ond durable, watertight container. State
or local health department laboratories
should immediately be contacted regard-
ing the shipping of specimens. Labora-
tory examination requires high-
containment (BL-4) facilities and should
be undertaken only in designated labo-
ratories with the appropriate training and
equipment. Once it is established that the
epidemic is caused by smallpox virus,
clinically typical cases would not re-
quire further laboratory confirmation.

Smallpox infection can be rapidly con-
firmed in the laboratory by electron mi-
croscopic examination of vesicular or
pustular fluid or scabs. Although all or-
thopoxviruses exhibit identically appear-
ing brick-shaped virions, history taking
and clinical picture readily identify cow-
poxandvaccinia.Althoughsmallpoxand
monkeypox virions may be indistin-
guishable, naturally occurring monkey-
pox is found only in tropical rain forest
areasofAfrica.Definitive laboratory iden-
tification and characterization of the vi-
rus involves growth of the virus in cell
culture or on chorioallantoic egg mem-
brane and characterization of strains by
use of various biologic assays, includ-
ing polymerase chain reaction tech-
niques and restriction fragment-length
polymorphisms.27-29 The latter studies
can be completed within a few hours.

PREEXPOSURE PREVENTIVE
VACCINATION
Before 1972, smallpox vaccination was
recommended for all US children at age
1 year. Most states required that each
child be vaccinated before school en-

try. The only other requirement for vac-
cination was for military recruits and
tourists visiting foreign countries. Most
countries required that the individual
be successfully vaccinated within a
3-year period prior to entering the
country. Routine vaccination in the
United States stopped in 1972 and since
then, few persons younger than 27 years
have been vaccinated. The US Census
Bureau reported that in 1998, approxi-
mately 114 million persons, or 42% of
the US population, were aged 29 years
or younger.30

In addition, the immune status of
those who were vaccinated more than
27 years ago is not clear. The duration
of immunity, based on the experience
of naturally exposed susceptible per-
sons, has never been satisfactorily mea-
sured. Neutralizing antibodies are re-
ported to reflect levels of protection,
although this has not been validated in
the field. These antibodies have been
shown to decline substantially during a
5- to 10-year period.24 Thus, even those
who received the recommended single-
dose vaccination as children do not have
lifelong immunity. However, among a
group who had been vaccinated at birth
and at ages 8 and 18 years as part of a
study, neutralizing antibody levels re-
mained stable during a 30-year pe-
riod.31 Because comparatively few per-
sons today have been successfully
vaccinated on more than 1 occasion, it
must be assumed that the population at
large is highly susceptible to infection.

In the United States, a limited re-
serve supply of vaccine that was pro-
duced by Wyeth Laboratories, Lan-
caster, Pa, in the 1970s is in storage.
This supply is believed to be sufficient
to vaccinate between 6 and 7 million
persons. This vaccine, now under the
control of the CDC, consists of vac-
cine virus (New York Board of Health
strain) grown on scarified calves. Af-
ter purification, it was freeze-dried in
rubber-stoppered vials that contain suf-
ficient vaccine for at least 50 doses when
a bifurcated needle is used. It is stored
at −20°C (James LeDuc, PhD, oral com-
munication, 1998). Although quanti-
ties of vaccine have also been retained
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by a number of other countries, none
have reserves large enough to meet
more than their own potential emer-
gency needs. WHO has 500 000 doses.32

There are no manufacturers now
equipped to produce smallpox vaccine
in large quantities. The development and
licensure of a tissue cell culture vac-
cine and the establishment of a new vac-
cine production facility is estimated to
require at least 36 months (Thomas
Monath, MD, unpublished data, 1999).

Because of the small amounts of vac-
cine available, a preventive vaccination
program to protect individuals such as
emergency and health care personnel is
not an option at this time. When addi-
tional supplies of vaccine are procured,
a decision to undertake preventive vac-
cination of some portion of the popu-
lation will have to weigh the relative risk
of vaccination complications against the
threat of contracting smallpox.

A further deterrent to extensive vac-
cination is the fact that presently avail-
able supplies of vaccinia immune globu-
lin (VIG), also maintained by the CDC,
are very limited in quantity. The work-
inggrouprecommendsVIGfor the treat-
ment of severe cutaneous reactions
occurring as a complication of vaccina-
tion.33,34 Vaccinia immune globulin has
also been given along with vaccination
to protect those who needed vaccina-
tion but who were at risk of experienc-
ingvaccine-relatedcomplications.33 Ithas
been estimated that if 1 million persons
were vaccinated, as many as 250 per-
sons would experience adverse reac-
tions of a type that would require admin-
istration of VIG (James LeDuc, PhD, oral
communication, 1998). How much VIG
would be needed to administer with vac-
cine to those at risk is unknown.

POSTEXPOSURE THERAPY
At this time, the best that can be of-
fered to the patient infected with small-
pox is supportive therapy plus antibi-
otics as indicated for treatment of
occasional secondary bacterial infec-
tions. No antiviral substances have yet
proved effective for the treatment of
smallpox, and the working group is not
aware of any reports that suggest any an-

tiviral product is therapeutic. Encour-
aging initial reports in the 1960s de-
scribing the therapeutic benefits of the
thiosemicarbazones, cytosine arabino-
side, and adenine arabinoside proved
questionable on further study.21,35,36

Recent studies on tissue culture,
mice, and a small number of monkeys
have suggested the possibility that ci-
dofovir, a nucleoside analog DNA poly-
merase inhibitor, might prove useful in
preventing smallpox infection if ad-
ministered within 1 or 2 days after ex-
posure (John Huggins, PhD, oral com-
munication, 1998). At this time, there
is no evidence that cidofovir is more ef-
fective than vaccination in this early pe-
riod. Moreover, the potential utility of
this drug is limited, given the fact that
it must be administered intravenously
and its use is often accompanied by se-
rious renal toxicity.37

POSTEXPOSURE
INFECTION CONTROL
A smallpox outbreak poses difficult
public health problems because of the
ability of the virus to continue to spread
throughout the population unless
checked by vaccination and/or isola-
tion of patients and their close con-
tacts.

A clandestine aerosol release of small-
pox, even if it infected only 50 to 100
persons to produce the first genera-
tion of cases, would rapidly spread in
a now highly susceptible population,
expanding by a factor of 10 to 20 times
or more with each generation of
cases.2,10,38 Between the time of an aero-
sol release of smallpox virus and diag-
nosis of the first cases, an interval as
long as 2 weeks or more is apt to oc-
cur because of the average incubation
period of 12 to 14 days and the lapse
of several additional days before a rash
was sufficiently distinct to suggest the
diagnosis of smallpox. By that time,
there would be no risk of further en-
vironmental exposure from the origi-
nal aerosol release because the virus is
fully inactivated within 2 days.

As soon as the diagnosis of small-
pox is made, all individuals in whom
smallpox is suspected should be iso-

lated immediately and all household
and other face-to-face contacts should
be vaccinated and placed under sur-
veillance. Because the widespread dis-
semination of smallpox virus by aero-
sol poses a serious threat in hospitals,
patients should be isolated in the home
or other nonhospital facility when-
ever possible. Home care for most pa-
tients is a reasonable approach, given
the fact that little can be done for a pa-
tient other than to offer supportive
therapy.

In the event of an aerosol release of
smallpox and a subsequent outbreak,
the rationale for vaccinating patients
suspected to have smallpox at this time
is to ensure that some with a mistaken
diagnosis are not placed at risk of ac-
quiring smallpox. Vaccination admin-
istered within the first few days after ex-
posure and perhaps as late as 4 days
may prevent or significantly amelio-
rate subsequent illness.39 An emer-
gency vaccination program is also in-
dicated that would include all health
care workers at clinics or hospitals that
might receive patients; all other essen-
tial disaster response personnel, such
as police, firefighters, transit workers,
public health staff, and emergency man-
agement staff; and mortuary staff who
might have to handle bodies. The work-
ing group recommends that all such
personnel for whom vaccination is not
contraindicated should be vaccinated
immediately irrespective of prior vac-
cination status.

Vaccination administered within 4
days of first exposure has been shown
to offer some protection against acquir-
ing infection and significant protec-
tion against a fatal outcome.15 Those
who have been vaccinated at some time
in the past will normally exhibit an ac-
celerated immune response. Thus, it
would be prudent, when possible, to as-
sign those who had been previously vac-
cinated to duties involving close pa-
tient contact.

It is important that discretion be used
in identifying contacts of patients to en-
sure, to the extent that is possible, that
vaccination and adequate surveillance
measures are focused on those at great-
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est risk. Specifically, it is recom-
mended that contacts be defined as per-
sons who have been in the same
household as the infected individual or
who have been in face-to-face contact
with the patient after the onset of fe-
ver. Experience during the smallpox
global eradication program showed that
patients did not transmit infection un-
til after the prodromal fever had given
way to the rash stage of illness.17,18

Isolation of all contacts of exposed pa-
tients would be logistically difficult and,
in practice, should not be necessary. Be-
cause contacts, even if infected, are not
contagious until onset of rash, a practi-
cal strategy calls for all contacts to have
temperatures checked at least once each
day, preferably in the evening. Any in-
crease in temperature higher than 38°C
(101°F) during the 17-day period fol-
lowing last exposure to the case would
suggest the possible development of
smallpox2 and be cause for isolating the
patient immediately, preferably at home,
until it could be determined clinically
and/or by laboratory examination
whether the contact had smallpox. All
close contacts of the patients should be
promptly vaccinated.

Although cooperation by most pa-
tients and contacts in observing isola-
tion could be ensured through counsel-
ing and persuasion, there may be some
for whom forcible quarantine will be re-
quired. Some states and cities in the
United States, but not all, confer broad
discretionary powers on health authori-
ties to ensure the safety of the public’s
health and, at one time, this included
powers to quarantine. Under epidemic
circumstances, this could be an impor-
tant power to have. Thus, each state and
city should review its statutes as part of
its preparedness activities.

During the smallpox epidemics in the
1960s and 1970s in Europe, there was
considerable public alarm whenever
outbreaks occurred and, often, a de-
mand for mass vaccination through-
out a very widespread area, even when
the vaccination coverage of the popu-
lation was high.2 In the United States,
where few people now have protective
levels of immunity, such levels of con-

cern must be anticipated. However, the
US vaccine supply is limited at pre-
sent; thus, vaccine would have to be
carefully conserved and used in con-
junction with measures to implement
rapid isolation of smallpox patients.

HOSPITAL EPIDEMIOLOGY
AND INFECTION CONTROL
Smallpox transmission within hospi-
tals has long been recognized as a seri-
ous problem. For this reason, separate
hospitals for smallpox patients were used
for more than 200 years. Throughout the
1970s, both England and Germany had
fully equipped standby hospitals in case
smallpox should be imported.2 Infec-
tions acquired in hospitals may occur as
the result of droplets spread from pa-
tients to staff and visitors in reasonably
close contact or by a fine particle aero-
sol. In 1 such occurrence in Germany,
a smallpox patient with a cough, al-
though isolated in a single room, in-
fected persons on 3 floors of a hospi-
tal.10 Persons with the usually fatal
hemorrhagic or malignant forms of the
disease pose a special problem because
they often remain undiagnosed until
they are near death and extremely con-
tagious. A number of outbreaks have oc-
curred in laundry workers who handled
linens and blankets used by patients.15

The working group recommends that in
an outbreak setting, all hospital employ-
ees as well as patients in the hospital be
vaccinated. For individuals who are im-
munocompromised or for whom vacci-
nation is otherwise contraindicated, VIG
should be provided, if available. If it is
not available, a judgment will have to be
made regarding the relative risks of ac-
quiring the disease in contrast with the
risks associated with vaccination.

In the event of a limited outbreak
with few cases, patients should be ad-
mitted to the hospital and confined to
rooms that are under negative pres-
sure and equipped with high-effi-
ciency particulate air filtration. In larger
outbreaks, home isolation and care
should be the objective for most pa-
tients. However, not all will be able to
be so accommodated and, to limit noso-
comial infections, authorities should

consider the possibility of designating
a specific hospital or hospitals for small-
pox care. All persons isolated as such
and those caring for them should be im-
mediately vaccinated. Employees for
whom vaccination is contraindicated
should be furloughed.

Standard precautions using gloves,
gowns, and masks should be ob-
served. All laundry and waste should
be placed in biohazard bags and auto-
claved before being laundered or in-
cinerated. A special protocol should be
developed for decontaminating rooms
after they are vacated by patients (see
“Decontamination” section).

Laboratory examination requires
high-containment (BL-4) facilities and
should be undertaken only in desig-
nated laboratories with the appropri-
ate trained personnel and equipment.
Specific recommendations for safe
specimen transport are described in the
section on “Differential Diagnosis and
Diagnostic Tests.”

Protecting against the explosive
spread of virus from the hemorrhagic
or malignant case is difficult. Such cases
occurring during the course of an out-
break may be detected if staff is alert to
the possibility that any severe, acute,
prostrating illness must be considered
smallpox until proven otherwise.

Patients who die of smallpox should
be cremated whenever possible and
mortuary workers should be vacci-
nated.

VACCINE ADMINISTRATION
AND COMPLICATIONS
Smallpox vaccine is currently ap-
proved by the US Food and Drug Ad-
ministration (FDA) for use only in per-
sons in special-risk categories, including
laboratory workers directly involved
with smallpox or closely related ortho-
poxviruses. Under epidemic circum-
stances, widespread vaccination would
be indicated, as recommended by the
working group.

Vaccination has been successfully and
safely administered to persons of all ages,
from birth onward.40 However, there are
certain groups for whom elective vacci-
nation has not been recommended be-
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cause of the risk of complications. Un-
der epidemic circumstances, however,
such contraindications will have to be
weighed against the grave risks posed by
smallpox. If available, VIG can be ad-
ministered concomitantly with vaccina-
tion to minimize the risk of complica-
tions in these persons.

Vaccination is normally performed
using the bifurcated needle (FIGURE 3).
A sterile needle is inserted into an am-
poule of reconstituted vaccine and, on
withdrawal, a droplet of vaccine suffi-
cient for vaccination is held by capil-
larity between the 2 tines. The needle
is held at right angles to the skin; the
wrist of the vaccinator rests against the
arm. Fifteen perpendicular strokes of
the needle are rapidly made in an area
of about 5 mm in diameter.41,42 The
strokes should be sufficiently vigor-
ous so that a trace of blood appears at
the vaccination site after 15 to 30 sec-
onds. After vaccination, excess vac-
cine should be wiped from the site with
gauze that should be discarded in a haz-
ardous waste receptacle. The site should
be covered with a loose, nonocclusive
bandage to deter the individual from
touching the site and perhaps transfer-
ring virus to other parts of the body.

After about 3 days, a red papule ap-
pears at the vaccination site and be-
comes vesicular on about the fifth day
(FIGURE 4). By the seventh day, it be-
comes the typical Jennerian pustule—
whitish, umbilicated, multilocular, con-
taining turbid lymph and surrounded
by an erythematous areola that may
continue to expand for 3 more days. Re-
gional lymphadenopathy and fever is
not uncommon. As many as 70% of
children have 1 or more days of tem-
perature higher than 39°C (100°F) be-
tween days 4 and 14.43 The pustule
gradually dries, leaving a dark crust,
which normally falls off after about 3
weeks.

A successful vaccination for those
with partial immunity may manifest a
gradient of responses. These range from
what appears to be a primary take (as

described herein) to an accelerated re-
action in which there may be little more
than a papule surrounded by ery-
thema that reaches a peak between 3
and 7 days. A response that reaches a
peak in erythema within 48 hours rep-
resents a hypersensitivity reaction and
does not signify that growth of the vac-
cinia virus has occurred.2 Persons ex-
hibiting such a reaction should be re-
vaccinated.

Complications
The frequency of complications associ-
ated with use of the New York Board of
Health strain (the strain used through-
out theUnitedStatesandCanada forvac-
cine) is the lowest for any established
vacciniavirus strain,but the risksarenot
inconsequential.44,45 Data on complica-
tions gathered by the CDC in 1968 are
shown in TABLE 1. Complications
occurred most frequently among pri-
mary vaccinees.

Postvaccinial Encephalitis. Postvac-
cinial encephalitis occurred at a rate of
1 case per 300 000 vaccinations and was
observed only in primary vaccinees; one
fourth of these cases were fatal and
several had permanent neurological
residua. Between 8 and 15 days after
vaccination, encephalitic symptoms de-
veloped—fever, headache, vomiting,
drowsiness, and, sometimes, spastic
paralysis, meningitic signs, coma, and
convulsions. Cerebrospinal fluid usu-
ally showed a pleocytosis. Recovery was
either complete or associated with re-
sidual paralysis and other central ner-
vous system symptoms and, some-
times, death. There was no treatment.

Progressive Vaccinia (Vaccinia Gan-
grenosa). Cases of progressive vac-
cinia occurred both among primary
vaccinees and revaccinees. It was a fre-
quently fatal complication among those
with immune deficiency disorders. The
vaccinial lesion failed to heal and pro-
gressed to involve adjacent skin with
necrosis of tissue, spreading to other
parts of the skin, to bones, and to vis-
cera. Vaccinia immune globulin was
used for this problem.34,46 One case in
a soldier with acquired immunodefi-
ciency syndrome was successfully

Figure 3. Vaccination With the Bifurcated
Needle

The requisite amount of reconstituted vaccine is held
between the prongs of the needle and vaccination is
done by multiple punctures; 15 strokes, at right angles
to the skin over the deltoid muscle, are rapidly made
within an area of about 5 mm in diameter.

Figure 4. Typical Appearance of an Evolving Primary Vaccination Take

Day 0 Day 3 Day 7 Day 10 Day 14

Reproduced with permission from the Centers for Disease Control and Prevention.3
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treated with VIG and ribavirin. These
treatment strategies were off-label and
would be considered experimental.26

Eczema Vaccinatum. A sometimes
serious complication, eczema vaccina-
tum occurred in some vaccinees and
contacts with either active or healed ec-
zema. Vaccinial skin lesions extended
to cover all or most of the area once
or currently afflicted with eczema.
Vaccinia immune globulin was thera-
peutic.46

Generalized Vaccinia. A secondary
eruption almost always following pri-
mary vaccination, generalized vac-
cinia resulted from blood-borne dis-
semination of virus. Lesions emerged
between 6 and 9 days after vaccina-
tion and were either few in number or
generalized. This complication was usu-
ally self-limited. In severe cases, VIG
was indicated.46

Inadvertent Inoculation. Transmis-
sion to close contacts or autoinocula-
tion to sites such as face, eyelid, mouth,
and genitalia sometimes occurred. Most
lesions healed without incident, al-
though VIG was useful in some cases
of periocular implantation.

Miscellaneous. Many different rashes
have been associated with vaccina-
tion. Most common are erythema mul-
tiforme and variously distributed urti-
carial, maculopapular, and blotchy
erythematous eruptions, which nor-
mally clear without therapy.

Groups at Special Risk
for Complications
Consensus recommendations for spe-
cial-risk groups as set forth herein re-
flect the best clinical and science-
based judgment of the working group

and do not necessarily correspond to
FDA-approved uses.

Five groups of persons are ordi-
narily considered at special risk of
smallpox vaccine complications: (1)
persons with eczema or other signifi-
cant exfoliative skin conditions; (2) pa-
tients with leukemia, lymphoma, or
generalized malignancy who are receiv-
ing therapy with alkylating agents, an-
timetabolites, radiation, or large doses
of corticosteroids; (3) patients with HIV
infection; (4) persons with hereditary
immune deficiency disorders; and (5)
pregnant women. If persons with con-
traindications have been in close con-
tact with a smallpox patient or the in-
dividual is at risk for occupational
reasons, VIG, if available, may be given
simultaneously with vaccination in a
dose of 0.3 mL/kg of body weight to pre-
vent complications. This does not al-
ter vaccine efficacy. If VIG is not avail-
able, vaccine administration may still
be warranted, given the far higher risk
of an adverse outcome from smallpox
infection than from vaccination.

VIG Therapy for Complications
Vaccinia immune globulin is valuable in
treating patients with progressive vac-
cinia, eczema vaccinatum, severe gen-
eralized vaccinia, and periocular infec-
tions resulting from inadvertent
inoculation. It is administered intramus-
cularly in a dose of 0.6 mL/kg of body
weight. Because the dose is large (eg, 42
mL for a person weighing 70 kg), the
product is given intramuscularly in di-
vided doses over a 24- to 36-hour pe-
riod and may be repeated, if necessary,
after 2 to 3 days if improvement is not
occurring.47 Because the availability of

VIG is so limited, its use should be re-
served for the most serious cases. Vac-
cinia immune globulin, as well as vac-
cinia vaccine, is made available by the
CDC through state health depart-
ments. Consultative assistance in the di-
agnosis and management of patients
with complications can be obtained
through state health departments.

DECONTAMINATION
Vaccinia virus, if released as an aerosol
and not exposed to UV light, may per-
sist for as long as 24 hours or somewhat
longer under favorable conditions.9 It is
believed that variola virus would exhibit
similar properties. However, by the time
patients had become ill and it had been
determined that an aerosol release of
smallpox virus had occurred, there
would be no viable smallpox virus in the
environment. Vaccinia virus, if released
as an aerosol, is almost completely
destroyed within 6 hours in an atmo-
sphere of high temperature (31°C-
33°C) and humidity (80%) (TABLE 2).9

In cooler temperatures (10°C-11°C) and
lower humidity (20%), nearly two thirds
of a vaccinia aerosol survives for as long
as 24 hours.9 It is believed that variola
would behave similarly.

The occurrence of smallpox infec-
tion among personnel who handled
laundry from infected patients is well
documented15 and it is believed that vi-
rus in such material remains viable for
extended periods. Thus, special pre-
cautions need to be taken to ensure that
all bedding and clothing of smallpox pa-
tients is autoclaved or laundered in hot
water to which bleach has been added.
Disinfectants that are used for stan-
dard hospital infection control, such as

Table 1. Complications of Smallpox Vaccination in the United States for 1968—Centers for Disease Control and Prevention National Survey45

Vaccination Status,
Age, y

Estimated
No. of

Vaccinations

No. of Cases

Postvaccinial
Encephalitis*

Progressive
Vaccinia*

Eczema
Vaccinatum*

Generalized
Vaccinia

Accidental
Infection Other Total

Primary vaccination† 5 594 000 16 (4) 5 (2) 58 131 142 66 418

Revaccination 8 574 000 0 6 (2) 8 10 7 9 40

Contacts . . .‡ 0 0 60 (1) 2 44 8 114

Total 14 168 000 16 (4) 11 (4) 126 (1) 143 193 83 572

*Data in parentheses indicate number of deaths attributable to vaccination.
†Data include 31 patients with unknown vaccination status.
‡Ellipses indicate contacts were not vaccinated.
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hypochlorite and quaternary ammo-
nia, are effective for cleaning surfaces
possibly contaminated with virus.

Virus in scabs is more durable. At a
temperature of 35°C and 65% relative
humidity, the virus has persisted for 3
weeks.48 At cooler temperatures (26°C),
the virus has survived for 8 weeks at
high relative humidity and 12 weeks at
a relative humidity less than 10%.48

Dutch investigators demonstrated that
it was possible to isolate variola virus
from scabs that had been sitting on a
shelf for 13 years.49 It is unlikely, how-
ever, that the smallpox virus, bound in
the fibrin matrix of a scab, is infec-
tious in humans. This is borne out by
studies conducted during the eradica-
tion program and by surveillance for
cases in newly smallpox-free areas.2 It
was reasoned that if the virus were able
to persist in nature and infect hu-
mans, there would be cases occurring
for which no source could be identi-
fied. Cases of this type were not ob-
served. Rather, when cases were found,
there were antecedent human cases
with whom they had direct contact.

RESEARCH
Priority should be directed to 3 areas
of smallpox research: vaccines, immu-
notherapy and drugs, and diagnostics.

The working group recommends that
an emergency stockpile of at least 40
million doses of vaccine and a standby
manufacturing capacity to produce
more is a critical need. At a minimum,
this quantity of vaccine would be
needed in the control of an epidemic

during the first 4 to 8 weeks after an
attack. Smallpox vaccine, contained in
glass-sealed ampoules and stored at
−20°C, retains its potency almost in-
definitely. However, several steps are
necessary before manufacturing can be-
gin. The traditional method for pro-
ducing vaccine on the scarified flank of
a calf is no longer acceptable because
the product inevitably contains some
microbial contaminants, however strin-
gent the purification measures. Con-
temporary vaccines require the use of
tissue cell cultures. Thus, as a first step,
the traditional New York Board of
Health strain needs to be grown in a
suitable tissue cell culture and com-
parative studies performed of the reac-
togenicity and immunogenicity of calf-
derived and tissue cell culture vaccines.
This should be a comparatively straight-
forward exercise. The cost of such a
stockpile should be comparatively mod-
est because the vaccine would be pack-
aged in 50-dose rather than costly
single-dose containers. In the mid-
1970s, 40 million doses would have cost
less than $5 million (D.A.H., unpub-
lished data, 1975).

The frequency of vaccine complica-
tions is sufficiently great to recom-
mend development, if possible, of a more
attenuated strain that, hopefully, would
retain full efficacy. Development of an
entirely new, genetically engineered
strain would be both costly and time
consuming. Moreover, it would be dif-
ficult at this time to justify its use in large
numbers of human subjects to evaluate
safety. There is, however, a candidate at-

tenuated strain that was developed and
field tested in Japan in the mid-1970s (a
Lister strain–derived vaccine50 that has
been produced in volume in rabbit kid-
ney cell culture and has been given to
more than 100 000 persons in Japan).
Research showed no severe complica-
tions among the first 30 000 vaccin-
ees.51 The cutaneous responses to vac-
cination were much less severe and far
fewer vaccinees developed fever. More
than 95% developed a Jennerian pus-
tule; immunogenicity, as measured by
neutralizing antibody, was slightly lower
than for nonattenuated strains.

Vaccinia immune globulin has been
used for the treatment of vaccine com-
plications and for administration with
vaccine to those for whom vaccine is
otherwise contraindicated. Produc-
tion of VIG should be a high priority
for research. An alternative to VIG is
also needed because VIG is difficult to
produce and cumbersome to adminis-
ter. Immunotherapy using humanized
monoclonal antibodies is an alterna-
tive that should be explored. Studies of
antiviral agents or drugs, already ap-
proved or near approval for marketing
for use in other viral diseases, have sug-
gested that 1 or more such products
might prove useful.

Finally, a simple, rapid diagnostic test
to identify variola virus in the orophar-
ynx during the prodrome or early in the
exanthematous phase of illness would
be of considerable help in triage of sus-
pected patients during the course of an
outbreak.

SUMMARY
The specter of resurgent smallpox is
ominous, especially given the enor-
mous efforts that have been made to
eradicate what has been characterized
as the most devastating of all the pes-
tilential diseases. Unfortunately, the
threat of an aerosol release of small-
pox is real and the potential for a cata-
strophic scenario is great unless effec-
tive control measures can quickly be
brought to bear.

Early detection, isolation of in-
fected individuals, surveillance of con-
tacts, and a focused selective vaccina-

Table 2. Viability of Vaccinia Virus in Aerosols at Various Intervals After Spraying9

Temperature, °C
Relative

Humidity, %

Viable Vaccinia, %*

1 h 4 h 6 h 23 h

10.5-11.5 20 82 79 81 66

50 83 92 77 59

82-84 79 59 60 27

21.0-23.0 18-19 66 46 45 15

48-51 86 57 50 12

82-84 66 24 18 Trace

31.5-33.5 17-19 61 51 33 13

50 51 26 15 Trace

80-83 36 5.9 1.2 Trace

*Initial titer of 107.7 plaque-forming units per milliliter of McIlvaine buffer, containing 1% dialyzed horse serum.
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tion program are the essential items of
a control program. Educating health
care professionals about the diagnos-
tic features of smallpox should permit
early detection; advance regionwide
planning for isolation and care of in-
fected individuals in their homes as ap-
propriate and in hospitals when home
care is not an option will be critical to
deter spread. Ultimately, success in con-
trolling a burgeoning epidemic will de-
pend on the availability of adequate sup-
plies of vaccine and VIG. An adequate
stockpile of those commodities would
offer a relatively inexpensive safe-
guard against tragedy.

Ex Officio Participants in the Working Group on Ci-
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ALL SUSPECT CASES OF SMALLPOX MUST BE REPORTED
IMMEDIATELY TOTHE PLACER COUNTY HEALTH AND HUMAN

SERVICES, COMMUNICABLE DISEASE CONTROL:
During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,
please call the Placer County Office of Emergency Services at (530) 886-5300 or the 24-

hour dispatch at (530) 886-5375).
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 I. KEY SUMMARY POINTS

Epidemiology:

•  Highly infectious after aerosolization

•  Person-to-person transmission can occur via droplet nuclei or

aerosols expelled from the oropharynx and by direct contact

•  Contaminated clothing or bed linens can also spread the virus

•  About 30% of susceptible contacts will become infected

Clinical:

•  Incubation period is 12-14 days (ranges 7-17 days)

•  Characteristic rash appears 2-3 days after nonspecific, flu-like prodrome

(fever and headache)

•  Maculopapular rash begins on mucosa of mouth and pharynx, face, hands,

forearms and spreads to legs and centrally to trunk; lesions are more

predominant on the face and extremities than on the trunk.

•  Lesions progress synchronously on any given part of the body from

macules to papules to vesicles to pustules to crusty scabs

Laboratory Diagnosis:

•  Mask and gloves should be worn by person obtaining specimen, preferably

a person who has been recently vaccinated

•  Vesicular fluid is obtained by opening lesions with the blunt edge of a

scalpel, harvesting fluid with a cotton swab; scabs can be removed by

forceps. Swabs and scabs should be placed in a vacutainer, sealed with

tape, and placed in a second, durable, watertight container

•  Laboratory specimens must be handled in a Biosafety Level 4 facility (e.g.

CDC) and will be evaluated with electron microscopy and cell culture.

•  Contact the Placer County Public Health Laboratory at (530) 889-7205 for

assistance.

Patient Isolation:

•  Strict isolation in negative pressure room (high efficiency particulate air

filtration ideal) from onset of rash until all scabs separate

•  Laundry and waste should be autoclaved before being laundered or

incinerated
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Treatment:

•  Supportive care is the mainstay of therapy

•  In-vitro antiviral activity against poxviruses has been shown with adefovir,

cidofovir, dipivoxil, and ribavirin. (Animal studies suggest that cidofovir may

be most effective).

Prophylaxis:

•  Smallpox vaccine would be required for all persons exposed at the time of

the bioterrorist attack or anyone with close personal contact with a smallpox

case

•  Vaccine is most effective if given before of within 3 days of exposure

Ideally, all exposed persons should be placed in strict quarantine for 17 days after last contact

with a smallpox case

ALL SUSPECT CASES OF SMALLPOX MUST BE REPORTED
IMMEDIATELY TOTHE PLACER COUNTY HEALTH AND HUMAN SERVICES,

COMMUNICABLE DISEASE CONTROL:
During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the

Placer County Office of Emergency Services at (530) 886-5300 or the 24-hour dispatch at

(530) 886-5375).

 II. Introduction/Epidemiology

Smallpox is caused by an Orthopoxvirus, variola, a large enveloped DNA virus. The last

occurrence of endemic smallpox was in Somalia in 1977 and the last human cases were

laboratory-acquired infections in 1978. Smallpox was declared eradicated in 1980 by the

World Health Organization.

Variola is infectious only for humans; there is no animal reservoir. Other key

epidemiologic points include:



Last Revised 10/19/01

 o The virus is highly stable and retains infectivity for long periods outside the host.

Historically, smallpox was more common in the winter and spring; with aerosol

infectivity decreasing with higher temperatures and humidity.

 o Approximately 30% of susceptible contacts became infected during the era of

endemic smallpox.

 o Smallpox is transmitted by respiratory secretions, most efficiently during the early

stages of the rash illness; it is generally believed that close person-to-person

proximity is required for reliable transmission to occur. Patients are considered

infectious from the time of development of the eruptive exanthem (usually 2-3

days after fever begins) until all scabs separate. In addition, virus can readily be

recovered from scabs throughout convalescence.

 o Fomites and inanimate objects are considered potential vehicles of transmission.

However, since laundry from infected patients may contain viable virus, bedding

and clothing of smallpox patients should be autoclaved.

 o Patients with confirmed or suspected smallpox should be placed on strict

isolation until no longer considered infectious.

 o Strict quarantine with respiratory isolation for 17 days is recommended for

all persons in direct contact with a case. In the setting of a large outbreak due

to bioterrorism, this may not be possible - in which case, quarantine of exposed

persons in their home with a daily fever watch may be an alternative public health

measure.

During the past century, the prototypical disease, variola major, caused mortality of 3%

and 30% in the vaccinated and unvaccinated, respectively. The key to control and

eventual eradication of endemic smallpox was vigorous case identification, followed by

quarantine and immunization of contacts. Routine smallpox vaccination was

discontinued in the United States in 1972. Immunity from prior smallpox vaccination

wanes with time and at this point, the entire United States' civilian population is likely

susceptible. However, persons who have been vaccinated in the past may experience

less severe disease.

 III. Significance as a Potential Bioterrorist Agent

 o High aerosol infectivity; stability of virus in aerosols
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 o Infectious dose is thought to be low (as low as a few virions)

 o Increasing susceptibility of the population

 o High mortality rate in the non-immune

 o Potential for significant ongoing transmission due to secondary spread

 o Ease of large-scale virus production

 o Existence of clandestine smallpox virus stockpiles outside the stockpiles at the

Centers for Disease Control and Prevention (USA) and the State Center for

Virology and Biotechnology (Koltsovo, Russia).

 o Currently, worldwide supplies of smallpox vaccine are limited

 IV. Clinical Manifestations

During an act of bioterrorism, release of an aerosol will be the most likely route of

transmission.

A. Variola major

Incubation period - typically 12-14 days, can be 7-17 days

Symptoms: Prodrome:

Acute onset of malaise, fever, rigors, vomiting, headache and

backache. 15% develop delirium. 10% of light skinned patients

have an erythematous rash.

Exanthem:

Appears as soon as 2-3 days after prodrome, just as fever

peaks.

Discrete maculopapular rash on face, hands, forearms, and

mucous membranes of mouth and pharynx. Involvement of

palms and soles is common.

Rash spreads to legs and then centrally to trunk during Week 2.

Lesions quickly progress from macules to papules to vesicles to

pustular vesicles (umbilicated) to crusty scabs.

Scabs form 8-14 days after onset, leaving depressions and

depigmented scars primarily on the face which has more

sebaceous glands.
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CLINICAL CLUES TO DISTINGUISH SMALLPOX FROM CHICKENPOX:

 o Smallpox has many more lesions on face and extremities than trunk (Centrifugal

spread).

 o Smallpox lesions are synchronous in their stage of development.

 o Smallpox lesions are more common on palms and soles.

 o Smallpox lesions are more deeply imbedded in the dermis compared with the

superficial lesions of chickenpox.

B. Variations in Variola Major

Flat-type/"malignant" smallpox: Occurs in 2-5% of smallpox cases due to lack of

adequate cell-mediate immune response. Notable for severe systemic toxicity and slow

evolution of flat, soft, focal skin lesions. These papules coalesce and never become

pustular. Skin develops a fine-grained reddish color, resembling crepe rubber. The

mortality among unvaccinated persons is 95%.

Hemorrhagic-type smallpox: Occurs in < 3% of smallpox cases. Notable for extensive

petechia, mucosal hemorrhage and intense toxemia (high fevers, headache, backache

and abdominal pain). Seen more commonly in pregnant women. Patients usually die

before development of typical pox lesions. Differential diagnosis includes:

meningococcemia and acute leukemia.

C. Variola minor (alastrim)

Incubation period - 7-17 days

Symptoms - Clinically resembles variola major but with milder systemic toxicity and

sometimes more diminutive pox lesions. Lesions on the face are typically more sparse

and evolve more rapidly than those on the arms and legs. Mortality in the unvaccinated

is usually less than 1%.
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D. Clinical Complications of Smallpox

Arthritis and

osteomyelitis:

Frequency is 1-2%. Occurs late in course; usually affects children;

bilateral elbow joint involvement most common.

Cough and bronchitis: Occasionally a prominent symptom. Pneumonia was unusual.

Pulmonary edema: Common in hemorrhagic and flat-type smallpox.

Orchitis: Noted in 0.1% of patients.

Encephalitis: Developed in 1 in 500 patients with variola major.

Keratitis/corneal

ulcers:
Progresses to blindness in about 1% of cases.

Disease during

pregnancy:
Precipitated high perinatal mortality.

E. Monkeypox

A naturally-occurring relative of variola, monkeypox virus, is a rare zoonosis that occurs

in the rain forest areas of Africa and is felt to be rodent borne. The disease it causes,

monkeypox, is clinically indistinguishable from smallpox, except for notable swelling of

cervical and inguinal lymph nodes.

 V. Laboratory Diagnosis

If smallpox is suspected, please call the Placer County Public Health Laboratory at

(530)-889-7205 to arrange for submission of specimens to CDC for testing. After

hours, please call Placer County Health Officer Richard J. Burton, M.D., M.P.H., at

(530) 889-7119.

In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375

The diagnosis of smallpox requires astute clinical evaluation. The clinical diagnosis may

be confused with chickenpox, erythema multiforme with bullae or allergic contact

dermatitis.

The diagnosis of smallpox is an international emergency and confirmation of the

diagnosis by laboratory techniques requires coordination between the medical and

laboratory community and local, state, federal and international agencies. If you

clinically suspect even a single case of smallpox, notify the Placer County Health
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and Human Services, Communicable Disease Control IMMEDIATELY at (530) 889-

7141 (AFTER HOURS CALL Health Officer Richard J. Burton, M.D., M.P.H., at (530)

889-7119).

In the event of a bioterrorist release of smallpox, confirmation by a reference laboratory

will be necessary for the earliest (index) cases. After a smallpox outbreak is confirmed,

diagnosis of subsequent cases will need to be based on a compatible clinical

presentation.

Opening the lesions with the blunt edge of a sterile scalpel and harvesting the fluid with

a sterile swab should obtain vesicular fluid.  The swab(s) should be placed in a cryo-safe

1-2 ml gasketed vial (the gasket on the vial prevents gas exchange, e.g., carbon dioxide

vapors from dry ice, which can acidify samples).  Scabs can be removed with forceps

and also placed in a gasketed vial. The vial should not contain any transport medium. In

addition, a droplet of vesicular fluid can be placed on a clean microscopic slide and

allowed to air dry in a safe location. The slides should be placed in an airtight container.

Specimens from different patients should not be mixed together. All specimens should

be safely secured for shipping.  Specimens will be tested at the CDC's Biosafety Level 4

reference laboratory using the following tests: (Contact the Placer County Public Health

Laboratory at (530) 889-7205 for assistance)

 o Light or Electronic Microscopy

Scrapings of vesicular lesions can be examined by electron microscopy for

characteristic brick-shaped virions. This method does not distinguish variola from

vaccinia, monkeypox or cowpox.

 o Viral cultures

Requires isolation of virus and characterization of its growth on chorioallantoic

membrane or cell culture.

 o Other Testing

Polymerase chain reaction and restriction fragment length polymorphisms

(RFLP) diagnostic techniques promise a more accurate and less cumbersome

method of identifying variola virus. These techniques are currently only available

at national reference laboratories, such as the CDC.

 VI. Handling Laboratory Specimens
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All other laboratory tests should be performed in Biological Safety Level 2 cabinets and

blood cultures should be maintained in a closed system. Laboratory staff handling

specimens from persons who might have smallpox must wear surgical gloves, protective

gowns and shoe covers. Every effort should be made to avoid splashing or creating an

aerosol, and protective eye wear and masks should be worn if work cannot be done in a

Biological Safety Level 2 cabinet. A full-face mask respirator with a HEPA (high

efficiency particulate air) filter is an acceptable, but cumbersome, alternative to masks

and protective eye wear. Laboratories working with a large amount of viral organisms

should use Biological Safety Level 3 cabinets.

Accidental spills of potentially contaminated material should be decontaminated

immediately by covering liberally with a disinfectant solution (1% sodium hypochlorite or

sodium hydroxide (0.1N)). All biohazardous waste should be decontaminated by

autoclaving. Contaminated equipment or instruments may be decontaminated with a

hypochlorite solution, 1% peracetic acid, formaldehyde, ethylene oxide, copper

irradiation, or other O.S.H.A. approved solutions, or by autoclaving or boiling for 10

minutes.

 VII. Treatment

Supportive care is the mainstay of therapy.

Currently, there are no anti-viral drugs of proven efficacy. Although, adefovir, dipivoxil,

cidofovir and ribavirin have significant in vitro antiviral activity against poxviruses, their

efficacy as therapeutic agents for smallpox is currently uncertain. Cidofovir is FDA-

licensed and shows the most promise in animal models.

 VIII. Isolation of Patients

Smallpox is transmissible from person-to-person by exposure to respiratory secretions

(particularly from coughing patients), contact with pox lesions and by fomites (although

not efficiently). All staff should observe both Airborne and Contact Precautions, in

addition to Standard Precautions, when caring for patients with suspected or confirmed

smallpox.

Patients should be placed in a closed-door, negative pressure room with 6 to 12 air

exchanges per hour and HEPA filtration of exhausted air. Patients with smallpox should

be placed on strict isolation from the onset of eruptive exanthem until all pox scabs have
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separated (generally 14-28 days). Healthcare workers and others entering the room

should wear appropriate respiratory protection; respiratory masks should meet the

minimal NIOSH standard for particulate respirators (N95). Healthcare provides should

wear clean gloves and gowns for all patient contact.

In the event of a large-scale smallpox outbreak due to a bioterrorist attack, there may be

massive numbers of victims. In this case, there may be a need to cohort patients due to

limited availability of respiratory isolation rooms. If this is done, then all patients should

receive smallpox vaccine or vaccine immune globulin within 3 days of exposure, if

available, in the event that some of these patients are misdiagnosed with smallpox.

All healthcare workers providing direct patient care to persons with smallpox

should be vaccinated. If vaccine is unavailable, then only staff who previously

received smallpox vaccine (e.g., persons born before 1972 or persons who were in

the military before 1989) should be caring for patients with smallpox.

 IX. Disposal of Infectious Waste

Use of tracking forms, containment, storage, packaging, treatment and disposal methods

should be based upon the same rules as all other regulated medical wastes.

 X. Autopsy and Handling of Corpses

All postmortem procedures are to be performed using Universal Precautions. In

addition, due to concerns about aerosolization of the virus, personnel should use

particulate respirators as recommended under Strict Isolation precautions.

 o All persons performing or assisting in postmortem procedures must wear

mandated P.P.E. (personal protective equipment) as delineated by O.S.H.A.

guidelines.

 o Instruments should be autoclaved or sterilized with a 10% bleach solution or

other solutions approved by O.S.H.A. Surfaces contaminated during postmortem

procedures should be decontaminated with an appropriate chemical germicide

such as 10% hypochlorite or 5% phenol (carbolic acid).

 XI. Management of Exposed Persons

An exposed person is defined as a person who has been in close personal contact with

a patient with suspect or confirmed smallpox. Close personal contact includes persons
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residing in the same household with the case-patient or persons with face-to-face

contact with the case AFTER the case developed febrile illness. (During outbreaks in

Europe in the 1960's, up to 10-20 secondary cases occurred after exposure to a single

case-patient, if vaccination efforts were delayed.)

 o Quarantine: All exposed persons should be placed in strict quarantine with

respiratory isolation for 17 days after last contact with suspect or confirmed

smallpox case(s). In the setting of a large outbreak due to bioterrorism, this may

not be possible - in which case, quarantine of exposed persons in their home

with a daily fever watch may be an alternative public health measure.

 o Vaccination:

Vaccine: In the United States, the smallpox vaccine supply is overseen by the

CDC. The Wyeth vaccine (using the New York Board of Health vaccinia strain) is

freeze-dried in multidose vials (50 doses per vial) at 20 oC.

Vaccine Indications: All exposed persons, including all household and face-to-

face contacts of patients, should be vaccinated immediately, if vaccine is

available. Additionally, all health care workers that might care for smallpox

patients, emergency personnel who might transport patients, and mortuary staff

should be vaccinated, if vaccine is available. Vaccination is most effective at

protecting against smallpox if given within 3 days of exposure.

Methodology: A bifurcated needle is inserted into an ampule of reconstituted

vaccine and, on withdrawal, a droplet of vaccine is held by capillarity between the

two tines. The needle is held at right angles to the skin, the wrist of the vaccinator

rests against the arm. Fifteen up and down (perpendicular) strokes of the needle

are rapidly made in an area of 5-mm diameter. The strokes should be sufficiently

vigorous so that a trace of blood appears at the vaccination site after 15-30

seconds. Excess vaccine should be wiped from the site with gauze (gauze

should be discarded into a hazardous waste receptacle) and the site covered

with a loose, non-occlusive bandage.

Evaluation of vaccine response:

(1) Primary vaccine response (never previously vaccinated):

Day 3: A red papule appears at the vaccination site

Day 5: Papule becomes vesicular

Day 7: A whitish, umbilicated, multilocular pustule develops, containing turbid

lymph and surrounded by an erythematous areola which may expand further for
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3 days. Fever during days 4-14, particularly for children, is common. The pustule

dries and falls off after about 3 weeks.

(2) Re-immunization response (those previously vaccinated): May react as

described above, or may have a papule surrounded by erythema that peaks

between 3 and 7 days. A response that peaks within 48 hours is a

hypersensitivity reaction; patients with this reaction should be revaccinated.

 o Contraindications to Vaccination:

 � Eczema or other exfoliative skin condition (e.g., atopic dermatitis, burns,

impetigo)

 � Leukemia, lymphoma, generalized malignancy or chemotherapy with

alkylating agents, antimetabolites, radiation or high dose corticosteroids

 � HIV infection or AIDS

 � Hereditary immune deficiency disorders

 � Pregnant women

 � Life-threatening allergy to polymyxin B, streptomycin, tetracycline or

neomycin.

In the setting of a large bioterrorist attack, the risk of vaccination must be

weighed against the likelihood of acquiring infection. If VIG (vaccinia immune

globulin) is available, those in close personal contact with a smallpox case AND

with a clear contraindication to vaccine may receive vaccine PLUS VIG (0.3

ml/kg of body weight) simultaneously within the first week following exposure.

 o Potential Side-Effects of Vaccination:

Side effects include: low grade fever, lymphadenopathy, autoinoculation,

secondary inoculation, ocular vaccinia, urticarial rash, Stevens-Johnson

syndrome, generalized vaccinia (3 per 10,000 vaccinations occurring from 6-9

days after vaccination), eczema vaccinatum, progressive vaccinia (1 per million

vaccinations) and postvaccinial encephalitis (3 per million primary vaccinations

occurring from 8-15 days after vaccination).

Severe vaccine complications should be treated with VIG (0.6 ml/kg body

weight). The dose should be administered intramuscularly in 2 divided
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doses over a 24 to 36 hour period. The dose can be repeated in 2-3 days, if

needed.

 XII. Reporting to the Health Department

Smallpox is an international emergency and even an isolated suspect case must

be reported immediately to the Placer County Health and Human Services,

Communicable Disease Control .

All suspect cases should be immediately reported by telephone to:

 o During business hours

Placer County Health and Human Services Communicable Disease Control at

(530) 889-7141

 o After business hours

Placer County Health Officer Richard J. Burton, M.D., M.P.H., at (530) 889-7119

 o In the event that you are unable to reach a Communicable Disease Control

Contact, please call the Placer County Office of Emergency Services at (530)

886-5300 or the 24-hour dispatch at (530) 886-5375
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ANTHRAXANTHRAXANTHRAXANTHRAX

ALL SUSPECT CASES OF ANTHRAX MUST BE REPORTED IMMEDIATELY TO THE  HEALTH
AND HUMAN SERVICES COMMUNICABLE DISEASE CONTROL:

During business hours: (530) 889-7141
After hours (Health Officer Richard J. Burton, M.D., M.P.H.): (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the
Placer County Office of Emergency Services at (530) 886-5300 during business hours, or 24-hour

dispatch at (530) 886-5375 after business hours.)

Epidemiology::::

•  Anthrax can be transmitted by inhalation, ingestion, or inoculation (inhalation
is the most likely during a bioterrorist attack)

•  The spore form of anthrax is highly resistant to physical and chemical agents;
spores can persist in the environment for years

•  Anthrax is not transmitted from person to person

Clinical:
•  Incubation period is 1-5 days (range up to 43 days)
•  Inhalation anthrax presents as acute hemorrhagic mediastinitis
•  Biphasic illness, with initial phase characterized by nonspecific flu-like illness

followed by acute phase characterized by acute respiratory distress and toxemia
(sepsis)

•  Chest x-ray findings: Mediastinal widening in a previously healthy patient in
the absence of trauma is pathognomonic for anthrax

•  Mortality rate for inhalation anthrax approaches 90%, even with treatment. Shock
and death within 24 – 36 hours

Laboratory Diagnosis:
•  Laboratory specimens should be handled in a Biosafety Level 2 facility (e.g.

California state Microbial Diseases Laboratory)
•  Gram stain shows gram positive bacilli, occurring singly or in short chains, often

with squared off ends (safety pin appearance). In advanced disease, a gram stain
of unspun blood may be positive

•  Distinguishing characteristics on culture include: non-hemolytic, non-motile,
capsulated bacteria that are susceptible to gamma phage lysis

•  ELISA and PCR tests are available at national reference laboratories
•  Fluorescent antibody test available through the Laboratory Response Network.
•  Contact the Placer County Public Health Laboratory for assistance.

Patient Isolation:
•  Standard barrier isolation precautions. Patients do not require isolation rooms
•  Anthrax is not transmitted person to person

Treatment::::
•  Prompt initiation of antibiotic therapy is essential
•  Antibiotic susceptibility testing is KEY to guiding treatment
•  Ciprofloxicin (400 mg IV q 12 hr) is the antibiotic of choice for penicillin-resistant

anthrax or for empiric therapy while awaiting susceptibility results
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OF THE NUMEROUS BIOLOGI-
cal agents that may be used
as weapons, the Working
Group on Civilian Biode-

fense has identified a limited number
of organisms that could cause disease
and deaths in sufficient numbers to
cripple a city or region. Anthrax is one
of the most serious of these diseases.

High hopes were once vested in the
Biological Weapons and Toxins Con-
vention, which prohibited offensive bio-
logical weapons research or production
and was signed by most countries. How-
ever, Iraq and the former Soviet Union,
both signatories of the convention, have
subsequently acknowledged having of-
fensive biowarfare programs; a number
of other countries are believed to have
such programs, as have some autono-
mous terrorist groups. The possibility of
a terrorist attack using bioweapons
would be especially difficult to predict,

detect, or prevent, and thus, it is among
the most feared terrorist scenarios.1

Biological agents have seldom been
dispersed in aerosol form, the expo-
sure mode most likely to inflict wide-
spread disease. Therefore, historical ex-
perience provides little information
about the potential impact of a biologi-
cal attack or the possible efficacy of
postattack measures such as vaccina-
tion, antibiotic therapy, or quarantine.
Policies and strategies must therefore

rely on interpretation and extrapola-
tion from an incomplete knowledge
base. The Working Group on Civilian
Biodefense reviewed the available litera-
ture and expertise and developed con-
sensus recommendations for medical
and public health measures to be taken
following such an attack.

CONSENSUS METHODS
The working group comprised 21 rep-
resentatives from academic medical cen-
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lander, and Parker); Office of Emergency Manage-
ment, New York, NY (Mr Hauer); Centers for Disease
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ment of Health, Minneapolis (Dr Osterholm); and the
Office of Emergency Preparedness, Department
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Objective To develop consensus-based recommendations for measures to be taken
by medical and public health professionals following the use of anthrax as a biological
weapon against a civilian population.

Participants The working group included 21 representatives from staff of major aca-
demic medical centers and research, government, military, public health, and emer-
gency management institutions and agencies.

Evidence MEDLINE databases were searched from January 1966 to April 1998, us-
ing the Medical Subject Headings anthrax, Bacillus anthracis, biological weapon, bio-
logical terrorism, biological warfare, and biowarfare. Review of references identified
by this search led to identification of relevant references published prior to 1966. In
addition, participants identified other unpublished references and sources.

Consensus Process The first draft of the consensus statement was a synthesis of in-
formation obtained in the formal evidence-gathering process. Members of the working
group provided formal written comments which were incorporated into the second draft
of the statement. The working group reviewed the second draft on June 12, 1998. No
significant disagreements existed and comments were incorporated into a third draft.
The fourth and final statement incorporates all relevant evidence obtained by the litera-
ture search in conjunction with final consensus recommendations supported by all work-
ing group members.

Conclusions Specific consensus recommendations are made regarding the diagno-
sis of anthrax, indications for vaccination, therapy for those exposed, postexposure
prophylaxis, decontamination of the environment, and additional research needs.
JAMA. 1999;281:1735-1745 www.jama.com
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ters and research, government, mili-
tary, public health, and emergency
management institutions and agencies.

MEDLINE databases were searched
from January 1966 to April 1998 for the
Medical Subject Headings anthrax,
Bacillus anthracis, biological weapon,
biological terrorism, biological war-
fare, and biowarfare. Review of refer-
ences led to identification of addi-
tional relevant references published
prior to 1966. In addition, experts in
the working group identified unpub-
lished references and sources.

The first draft of the working group’s
consensus statement was the result of
synthesis of information obtained in the
formal evidence-gathering process.
Members of the working group were
asked to make formal written com-
ments on this first draft of the docu-
ment in May 1998. Suggested revi-
sions were incorporated into the second
draft of the statement. The working
group was convened to review the sec-
ond draft of the statement on June 12,
1998, at the Johns Hopkins Center for
Civilian Biodefense Studies, Balti-
more, Md. Consensus recommenda-
tions were made; no significant dis-
agreements existed at the conclusion of
this meeting. The third draft incorpo-
rated changes suggested at the confer-
ence and working group members had
an additional opportunity to review the
draft and suggest final revisions. The fi-
nal statement incorporates all rel-
evant evidence obtained by the litera-
ture search in conjunction with final
consensus recommendations sup-
ported by all working group mem-
bers. Funding for the development of
the working group consensus state-
ment was primarily provided by each
representative’s institution or agency.
The Office of Emergency Prepared-
ness, Department of Health and Hu-
man Services (DHHS), provided travel
funds for 4 members of the group.

The assessment and recommenda-
tions provided herein represent the best
professional judgment of the working
group based on data and expertise cur-
rently available. The conclusions and
recommendations need to be regu-

larly reassessed as new information be-
comes available.

HISTORY OF CURRENT THREAT
For centuries, anthrax has caused dis-
ease in animals and, uncommonly, se-
rious illness in humans throughout the
world.2 Research on anthrax as a bio-
logical weapon began more than 80
years ago.3 Today, at least 17 nations
are believed to have offensive biologi-
cal weapons programs4; it is uncertain
how many are working with anthrax.
Iraq has acknowledged producing and
weaponizing anthrax.5

Most experts concur that the manu-
facture of a lethal anthrax aerosol is be-
yond the capacity of individuals or
groups without access to advanced bio-
technology. However, autonomous
groups with substantial funding and
contacts may be able to acquire the re-
quired materials for a successful at-
tack. One terrorist group, Aum Shin-
rikyo, responsible for the release of sarin
in a Tokyo, Japan, subway station in
1995,6 dispersed aerosols of anthrax and
botulism throughout Tokyo on at least
8 occasions. For unclear reasons, the
attacks failed to produce illness.7

The accidental aerosolized release of
anthrax spores from a military micro-
biology facility in Sverdlovsk in the
former Soviet Union in 1979 resulted
in at least 79 cases of anthrax infec-
tion and 68 deaths and demonstrated
the lethal potential of anthrax aero-
sols.8 An anthrax aerosol would be
odorless and invisible following re-
lease and would have the potential to
travel many kilometers before dissemi-
nating.9,10 Evidence suggests that fol-
lowing an outdoor aerosol release, per-
sons indoors could be exposed to a
similar threat as those outdoors.11

In 1970, a World Health Organiza-
tion (WHO) expert committee esti-
mated that casualties following the
theoretical aircraft release of 50 kg of
anthrax over a developed urban popu-
lation of 5 million would be 250 000,
100 000 of whom would be expected to
die without treatment.9 A 1993 report
by the US Congressional Office of Tech-
nology Assessment estimated that be-

tween 130 000 and 3 million deaths
could follow the aerosolized release of
100 kg of anthrax spores upwind of the
Washington, DC, area—lethality
matching or exceeding that of a hydro-
gen bomb.12 An economic model de-
veloped by the Centers for Disease Con-
trol and Prevention (CDC) suggested
a cost of $26.2 billion per 100 000 per-
sons exposed.13

EPIDEMIOLOGY
Naturally occurring anthrax is a dis-
ease acquired following contact with an-
thrax-infected animals or anthrax-
contaminated animal products. The
disease most commonly occurs in her-
bivores, which are infected by ingest-
ing spores from the soil. Large an-
thrax epizootics in herbivores have been
reported; during a 1945 outbreak in
Iran, 1 million sheep died.14 Animal vac-
cination programs have reduced dras-
tically the animal mortality from the
disease.15 However, anthrax spores con-
tinue to be documented in soil samples
from throughout the world.16-18

In humans, 3 types of anthrax infec-
tion occur: inhalational, cutaneous, and
gastrointestinal. Naturally occurring in-
halational anthrax is now a rare cause
of human disease. Historically, wool
sorters at industrial mills were at high-
est risk. Only 18 cases were reported
in the United States from 1900 to 1978,
with the majority occurring in special-
risk groups, including goat hair mill or
goatskin workers and wool or tannery
workers. Two of the 18 cases were labo-
ratory associated.19

Cutaneous anthrax is the most com-
mon naturally occurring form, with an
estimated 2000 cases reported annu-
ally.18 Disease typically follows expo-
sure to anthrax-infected animals. In the
United States, 224 cases of cutaneous
anthrax were reported between 1944
and 1994.20 The largest reported epi-
demic occurred in Zimbabwe between
1979 and 1985, when more than 10 000
human cases of anthrax were re-
ported, nearly all of them cutaneous.21

Gastrointestinal anthrax is uncom-
monly reported.18,22,23 However, gastro-
intestinal outbreaks have been reported
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in Africa and Asia.24 Gastrointestinal an-
thrax follows ingestion of insufficiently
cooked contaminated meat and in-
cludes 2 distinct syndromes, oral-
pharyngeal andabdominal.22,24-27 In1982,
there were 24 cases of oral-pharyngeal
anthrax in a rural northern Thailand out-
break following the consumption of con-
taminated buffalo meat.24 In 1987, there
were 14 cases of gastrointestinal an-
thrax reported in northern Thailand with
both oral-pharyngeal and abdominal dis-
ease occurring.25

No case of inhalational anthrax has
been reported in the United States since
1978,19,20 making even a single case a
cause for alarm today. As was demon-
strated at Sverdlovsk in 1979, inhala-
tional anthrax is expected to account
for most morbidity and essentially all
mortality following the use of anthrax
as an aerosolized biological weapon.8,28

In the setting of an anthrax outbreak
resulting from an aerosolized release,
cutaneous anthrax would be less com-
mon than inhalational anthrax, easier
to recognize, simpler to treat, and as-
sociated with a much lower mortality.
In the Sverdlovsk experience, there
were no deaths in patients developing
cutaneous anthrax.8 There is little in-
formation available about the risks of
direct contamination of food or water
with anthrax spores. Although human
infections have been reported, experi-
mental efforts to infect primates by di-
rect gastrointestinal instillation of an-
thrax spores have not been successful.29

MICROBIOLOGY
Bacillus anthracis derives from the
Greek word for coal, anthrakis, be-
cause the disease causes black, coal-
like skin lesions. Bacillus anthracis is
an aerobic, gram-positive, spore-
forming, nonmotile Bacillus species.
The nonflagellated vegetative cell is
large (1-8 µm in length, 1-1.5 µm in
breadth). Spore size is approximately
1 µm. Spores grow readily on all ordi-
nary laboratory media at 37°C, with a
“jointed bamboo-rod” cellular appear-
ance and a unique “curled-hair” colo-
nial appearance, and display no hemo-
lysis on sheep agar (FIGURE 1). This

cellular and colonial morphology theo-
retically should make its identifica-
tion by an experienced microbiologist
straightforward, although few practic-
ing microbiologists outside the veteri-
nary community have seen anthrax
colonies other than in textbooks.30

Anthrax spores germinate when they
enter an environment rich in amino ac-
ids, nucleosides, and glucose, such as
that found in the blood or tissues of an
animal or human host. The rapidly mul-
tiplying vegetative anthrax bacilli, on the
contrary, will only form spores after lo-
cal nutrients are exhausted, such as
when anthrax-infected body fluids are
exposed to ambient air.16,17 Full viru-
lence requires the presence of both an
antiphagocytic capsule and 3 toxin com-
ponents (ie, protective antigen, lethal
factor, and edema factor).30 Vegetative
bacteria have poor survival outside of an
animal or human host; colony counts de-
cline to undetectable within 24 hours
following inoculation into water.17 This
contrasts with the environmentally
hardy properties of the B anthracis spore,
which can survive for decades.30

PATHOGENESIS AND
CLINICAL MANIFESTATIONS
Inhalational Anthrax

Inhalational anthrax follows deposi-
tion of spore-bearing particles of 1 to
5 µm into alveolar spaces.31,32 Macro-
phages ingest the spores, some of which
undergo lysis and destruction. Surviv-
ing spores are transported via lymphat-
ics to mediastinal lymph nodes, where
germination may occur up to 60 days
later.28,29,33 The process responsible for
the delayed transformation of spores to
vegetative cells is poorly understood but
well documented. In Sverdlovsk, cases
occurred from 2 to 43 days after expo-
sure.8 In experimental monkeys, fatal
disease occurred up to 58 days28 and 98
days34 after exposure. Viable spores have
been demonstrated in the mediastinal
lymph nodes of monkeys 100 days af-
ter exposure.35

Once germination occurs, disease fol-
lows rapidly. Replicating bacteria re-
lease toxins leading to hemorrhage,
edema, and necrosis.23,36 In experimen-

tal animals, once toxin production has
reached critical threshold, death oc-
curs even if sterility of the blood-
stream is achieved with antibiotics.19

Based on primate data, it has been es-
timated that for humans the LD 50 (le-
thal dose sufficient to kill 50% of per-
sons exposed to it) is 2500 to 55 000
inhaled anthrax spores.37

The term inhalational anthrax re-
flects the nature of acquisition of the dis-
ease. The term anthrax pneumonia is mis-
leading. Typical bronchopneumonia
does not occur. Postmortem pathologi-
cal study of patients who died because
of inhalational anthrax in Sverdlovsk
showed hemorrhagic thoracic lym-
phadenitis and hemorrhagic mediasti-
nitis in all patients. In up to half of the
patients, hemorrhagic meningitis also
was seen. No patients who underwent
autopsy had evidence of a bronchoal-
veolar pneumonic process, although 11
of 42 patients undergoing autopsy had
evidence of a focal, hemorrhagic, nec-
rotizing pneumonic lesion analogous to
the Ghon complex associated with tu-
berculosis.38 These findings are consis-
tent with other human case series and
experimentally induced inhalational an-
thrax in animals.33,39,40

Early diagnosis of inhalational an-
thrax would be difficult and would re-
quire a high index of suspicion. Clini-
cal information is available from only
some of the 18 cases reported in the
United States in this century and from
the limited available information from
Sverdlovsk. The clinical presentation has
been described as a 2-stage illness. Pa-

Figure 1. Gram Stain of Bacillus anthracis

Gram-positive anthrax bacilli in a peripheral blood
smear from a rhesus monkey that died of inhala-
tional anthrax. Reprinted with permission from Zajtchuk
and Bellamy.23
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tients first developed a spectrum of non-
specific symptoms, including fever, dys-
pnea, cough, headache, vomiting, chills,
weakness, abdominal pain, and chest
pain.8,19 Signs of illness and laboratory
studies were nonspecific. This stage of
illness lasted from hours to a few days.
In some patients, a brief period of ap-
parent recovery followed. Other pa-
tients progressed directly to the sec-
ond, fulminant stage of illness.2,19,41

This second stage developed abruptly,
with sudden fever, dyspnea, diaphore-
sis, and shock. Massive lymphadenopa-
thy and expansion of the mediastinum
led to stridor in some cases.42,43 A chest
radiograph most often showed a wid-
ened mediastinum consistent with
lymphadenopathy (FIGURE 2).42 Up to

half of patients developed hemorrhagic
meningitis with concomitant meningis-
mus, delirium, and obtundation. In this
second stage of illness, cyanosis and hy-
potension progress rapidly; death some-
times occurs within hours.2,19,41

The mortality rate of occupationally
acquired cases in the United States is
89%, but the majority of cases occurred
before the development of critical care
units and, in some cases, before the ad-
vent of antibiotics.19 At Sverdlovsk, it is
reported that 68 of the 79 patients with
inhalational anthrax died, although the
reliability of the diagnosis in the survi-
vors is questionable.8 Patients who had
onset of disease 30 or more days after re-
lease of organisms had a higher re-
ported survival rate compared with those
with earlier disease onset. Antibiotics, an-
tianthraxglobulin, andvaccinewereused
to treat some residents in the affected area
some time after exposure, but which pa-
tients received these interventions and
when is not known. In fatal cases, the in-
terval between onset of symptoms and
death averaged 3 days. This is similar to
the disease course and case fatality rate
in untreated experimental monkeys,
which have developed rapidly fatal
disease even after a latency as long as
58 days.28

Modern mortality rates in the set-
ting of contemporary medical and sup-
portive therapy might be lower than
those reported historically. However,
the 1979 Sverdlovsk experience is not
instructive. Although antibiotics, anti-

anthrax globulin, corticosteroids, and
mechanical ventilation were used, in-
dividual clinical records have not been
made public.8 It is also uncertain if the
B anthracis strain to which patients were
exposed was susceptible to the pre-
dominant antibiotics that were used
during the outbreak.

Physiological sequelae of severe an-
thrax infection in animal models have
been described as hypocalcemia, pro-
found hypoglycemia, hyperkalemia, de-
pression and paralysis of respiratory cen-
ter, hypotension, anoxia, respiratory
alkalosis, and terminal acidosis.44,45

Those animal studies suggest that in ad-
dition to the rapid administration of an-
tibiotics, survival might improve with
vigilant correction of electrolyte distur-
bances and acid-base imbalance, glu-
cose infusion, and early mechanical ven-
tilation and vasopressor administration.

Cutaneous Anthrax
Cutaneous anthrax occurs following the
deposition of the organism into skin
with previous cuts or abrasions espe-
cially susceptible to infection.21,46 Ar-
eas of exposed skin, such as arms,
hands, face, and neck, are the most fre-
quently affected. There are no data to
suggest the possibility of a prolonged
latency period in cutaneous anthrax. In
Sverdlovsk, cutaneous cases occurred
only as late as 12 days after the origi-
nal aerosol release.8 After the spore ger-
minates in skin tissues, toxin produc-
tion results in local edema (FIGURE 3).
An initially pruritic macule or papule
enlarges into a round ulcer by the sec-
ond day. Subsequently, 1- to 3-mm
vesicles may appear, which discharge
clear or serosanguinous fluid contain-
ing numerous organisms on Gram stain.
As shown in Figure 3, development of
a painless, depressed, black eschar fol-
lows, often associated with extensive lo-
cal edema. The eschar dries, loosens,
and falls off in the next 1 to 2 weeks,
most often leaving no permanent scar.
Lymphangitis and painful lymphad-
enopathy can occur with associated sys-
temic symptoms. Although antibiotic
therapy does not appear to change the
course of eschar formation and heal-

Figure 2. Chest Radiograph of a Patient
With Inhalational Anthrax

Chest radiograph of a 51-year-old laborer with oc-
cupational exposure to airborne anthrax spores taken
on day 2 of illness. Lobulated mediastinal widening
(arrowheads) is present, consistent with lymphad-
enopathy, with a small parenchymal infiltrate at the
left lung base. Reprinted with permission from Zajtchuk
and Bellamy.23

Figure 3. Cutaneous Anthrax

Left, Forearm lesion on day 7 of illness shows vesiculation and ulceration of the initial macular or papular an-
thrax skin lesion. Right, Eschar of the neck on day 15 of illness is typical of the last stage of the lesion before
it resolves over 1 to 2 weeks. Reprinted with permission from Binford CH, Connor DH, eds. Pathology of Tropi-
cal and Extraordinary Diseases. Vol 1. Washington, DC: Armed Forces Institute of Pathology; 1976:119. AFIP
negative 71-1290-2.
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ing, it does decrease the likelihood of
systemic disease. Without antibiotic
therapy, the mortality rate has been re-
ported to be as high as 20%; with an-
tibiotics, death due to cutaneous an-
thrax is rare.2

Gastrointestinal Anthrax
Gastrointestinal anthrax occurs follow-
ing deposition and subsequent germi-
nation of spores in the upper or lower
gastrointestinal tract. The former re-
sults in the oral-pharyngeal form of dis-
ease.24-26 An oral or esophageal ulcer
leads to development of regional lym-
phadenopathy, edema, and sepsis.24-26

The latter results in primary intestinal
lesions occurring predominantly in the
terminal ileum or cecum,38 presenting
initially with nausea, vomiting, and mal-
aise and progressing rapidly to bloody
diarrhea, acute abdomen, or sepsis.22

Massive ascites has occurred in some
cases of gastrointestinal anthrax.27 Ad-
vanced infection may appear similar to
the sepsis syndrome occurring in ei-
ther inhalational or cutaneous an-
thrax.2 Some authors suggest that ag-
gressive medical intervention such as
would be recommended for inhala-
tional anthrax may reduce mortality, al-
though, given the difficulty of early di-
agnosis, mortality almost inevitably
would be high.2,22

DIAGNOSIS
Given the rarity of anthrax infection and
the possibility that early cases are a har-
binger of a larger epidemic, the first sus-
picion of an anthrax illness must lead
to immediate notification of the local
or state health department, local hos-
pital epidemiologist, and local or state
health laboratory. By this mechanism,
definitive tests can be arranged rap-
idly through a reference laboratory and,
as necessary, the US Army Medical Re-
search Institute of Infectious Diseases
(USAMRIID), Fort Detrick, Md.

The first evidence of a clandestine re-
lease of anthrax as a biological weapon
most likely will be patients seeking
medical treatment for symptoms of in-
halational anthrax. The sudden appear-
ance of a large number of patients in a

city or region with an acute-onset flu-
like illness and case fatality rates of 80%
or more, with nearly half of all deaths
occurring within 24 to 48 hours, is
highly likely to be anthrax or pneu-
monic plague (TABLE 1). Currently,
there are no effective atmospheric warn-
ing systems to detect an aerosol cloud
of anthrax spores.47

Rapid diagnostic tests for diagnosing
anthrax, such as enzyme-linked immu-
nosorbent assay for protective antigen
and polymerase chain reaction, are avail-
able only at national reference laborato-
ries.Given the limitedavailabilityof these
tests and the time required to dispatch
specimens and perform assays, rapid di-
agnostic testing would be primarily for
confirmation of diagnosis and determin-
ing in vitro susceptibility to antibiotics.
In addition, these tests will be used in the
investigation and management of an-
thrax hoaxes, such as the series occur-
ring in late 1998.48 They would also be
of value should suspicious materials in
the possession of a terrorist be identi-
fied as possibly containing anthrax.

If only small numbers of cases pre-
sent contemporaneously, the clinical
similarity of early inhalational anthrax
to other acute respiratory tract infec-
tions may delay initial diagnosis for some
days. However, diagnosis of anthrax
could soon become apparent through the
astute recognition of an unusual radio-
logical finding, identification in the mi-
crobiology laboratory, or recognition of
specific pathologic findings. A widened
mediastinum on chest radiograph (Fig-
ure 2) in a previously healthy patient
with evidence of overwhelming flulike
illness is essentially pathognomonic of
advanced inhalational anthrax and
should prompt immediate action.23,42 Al-
though treatment at this stage would be

unlikely to alter the outcome of illness
in the patient concerned, it might lead
to earlier diagnosis in others.

Microbiologic studies can also dem-
onstrate B anthracis and may be the
means for initial detection of an out-
break. The bacterial burden may be so
great in advanced infection that bacilli
are visible on Gram stain of unspun pe-
ripheral blood, as has been demon-
strated in primate studies (Figure 1).
While this is a remarkable finding that
would permit an astute clinician or mi-
crobiologist to make the diagnosis, the
widespread use of automated cell-
counter technology in diagnostic labo-
ratories makes this unlikely.41

The most useful microbiologic test is
the standard blood culture, which
should show growth in 6 to 24 hours.
If the laboratory has been alerted to the
possibility of anthrax, biochemical test-
ing and review of colonial morphology
should provide a preliminary diagnosis
12 to 24 hours later. Definitive diagno-
sis would require an additional 1 to 2
days of testing in all but a few national
reference laboratories. It should be
noted, however, that if the laboratory has
not been alerted to the possibility of an-
thrax, B anthracis may not be correctly
identified. Routine laboratory proce-
dures customarily identify a Bacillus spe-
cies from a blood culture approxi-
mately 24 hours after growth, but most
laboratories do not further identify Ba-
cillus species unless specifically re-
quested to do so. In the United States,
the isolation of Bacillus species most of-
ten represents growth of Bacillus ce-
reus. The laboratory and clinician must
determine whether its isolation repre-
sents specimen contamination.49 There
have been no B anthracis bloodstream
infections reported for more than 20

Table 1. Diagnosis of Inhalational Anthrax Infection

Epidemiology Sudden appearance of multiple cases of severe flulike illness
with fulminant course and high mortality

Diagnostic studies Chest radiograph: widened mediastinum

Peripheral blood smear: gram-positive bacilli on unspun smear

Microbiology Blood culture growth of large gram-positive bacilli with preliminary
identification of Bacillus species

Pathology Hemorrhagic mediastinitis, hemorrhagic thoracic lymphadenitis,
hemorrhagic meningitis
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years. However, given the possibility of
anthrax being used as a weapon and the
importance of early diagnosis, it would
be prudent for laboratory procedures to
be modified so that B anthracis is ex-
cluded after identification of a Bacillus
species bacteremia.

Sputum culture and Gram stain are
unlikely to be diagnostic, given the lack
of a pneumonic process.30 If cutane-
ous anthrax is suspected, a Gram stain
and culture of vesicular fluid will con-
firm the diagnosis.

A diagnosis of inhalational anthrax
also might occur at postmortem exami-
nation following a rapid, unexplained
terminal illness. Thoracic hemor-
rhagic necrotizing lymphadenitis and
hemorrhagic necrotizing mediastini-
tis in a previously healthy adult are
essentially pathognomonic of inhala-
tional anthrax.38,43 Hemorrhagic men-
ingitis should also raise strong suspi-
cion of anthrax infection.23,38,43,50 Despite
pathognomonic features of anthrax on
gross postmortem examination, the rar-
ity of anthrax makes it unlikely that a
pathologist would immediately recog-
nize these findings. If the case were not
diagnosed at gross examination, addi-
tional days would likely pass before
microscopic slides would be available
to suggest the disease etiology.

VACCINATION
The US anthrax vaccine, an inacti-
vated cell-free product, was licensed in
1970 and is produced by Bioport Corp,
Lansing, Mich (formerly called the
Michigan Biologic Products Insti-
tute). The vaccine is licensed to be given
in a 6-dose series and has recently been
mandated for all US military active- and
reserve-duty personnel.51 The vaccine
is made from the cell-free filtrate of a
nonencapsulated attenuated strain of
B anthracis.52 The principal antigen re-
sponsible for inducing immunity is the
protective antigen.18,23 A similar vac-
cine has been shown in 1 small placebo-
controlled human trial to be effica-
cious against cutaneous anthrax.53 As
of March 1, 1999, approximately
590 000 doses of anthrax vaccine have
been administered to US Armed Forces

(Gary Strawder, Department of De-
fense, Falls Church, Va, oral commu-
nication, April 1999); no serious ad-
verse events have been causally related
(Miles Braun, Food and Drug Admin-
istration, Rockville, Md, written com-
munication, April 1999). In a study of
experimental monkeys, inoculation
with this vaccine at 0 and 2 weeks was
completely protective against an aero-
sol challenge at 8 and 38 weeks and 88%
effective at 100 weeks.54

A human live attenuated vaccine is
produced and used in countries of the
former Soviet Union.55 In the Western
world, live attenuated vaccines have
been considered unsuitable for use in
humans.55

Current vaccine supplies are limited
and the US production capacity is mod-
est. It will be years before increased pro-
duction efforts can make available suf-
ficient quantities of vaccine for civilian
use. However, even if vaccine were avail-
able, populationwide vaccination would
not be recommended at this time, given
the costs and logistics of a large-scale
vaccination program and the unlikely
occurrence of a bioterrorist attack in any
given community. Vaccination of some
essential service personnel should be
considered if vaccine becomes avail-
able. Postexposure vaccination follow-
ing a biological attack with anthrax
would be recommended with antibi-
otic administration to protect against re-
sidual retained spores, if vaccine were
available.

THERAPY
Recommendations regarding antibi-
otic and vaccine use in the setting of a
biological anthrax attack are condi-
tioned by a limited number of studies
in experimental animals, current un-
derstanding of antibiotic resistance pat-
terns, and the possible requirement to
treat large numbers of casualties. A
number of possible therapeutic strate-
gies have yet to be fully explored ex-
perimentally or submitted for ap-
proval to the FDA. For these reasons,
the working group offers consensus rec-
ommendations based on the best avail-
able evidence. The recommendations

do not represent uses currently ap-
proved by the FDA or an official posi-
tion on the part of any of the federal
agencies whose scientists participated
in these discussions and will need to be
revised as further relevant informa-
tion becomes available.

Given the rapid course of symptom-
atic inhalational anthrax, early antibi-
otic administration is essential. A de-
lay of antibiotic treatment for patients
with anthrax infection even by hours
may substantially lessen chances for
survival.56,57 Given the difficulty in
achieving rapid microbiologic diagno-
sis of anthrax, all persons with fever or
evidence of systemic disease in an area
where anthrax cases are occurring
should be treated for anthrax until the
disease is excluded.

There are no clinical studies of the
treatment of inhalational anthrax in hu-
mans. Thus, antibiotic regimens com-
monly recommended for empirical
treatment of sepsis have not been stud-
ied in this setting. In fact, natural strains
of B anthracis are resistant to many of
the antibiotics used in these empirical
regimens, such as those of the extended-
spectrum cephalosporins.58,59 Most
naturally occurring anthrax strains are
sensitive to penicillin, and penicillin his-
torically has been the preferred therapy
for the treatment of anthrax. Penicil-
lin is approved by the FDA for this in-
dication,41,56,57 as is doxycycline.60 In
studies of small numbers of monkeys
infected with susceptible strains of B an-
thracis, oral doxycycline has proved ef-
ficacious.41

Doxycycline is the preferred option
from the tetracycline class of antibiot-
ics because of its proven efficacy in mon-
key studies and its ease of administra-
tion. Other members of this class of
antibiotics are suitable alternatives. Al-
though treatment of anthrax infection
with ciprofloxacin has not been stud-
ied in humans, animal models suggest
excellent efficacy.28,41,61 In vitro data sug-
gest that other fluoroquinolone antibi-
otics would have equivalent efficacy in
treating anthrax infection, although no
animal data exist for fluoroquinolones
other than ciprofloxacin.59
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Reports have been published of a B
anthracis vaccine strain that has been
engineered by Russian scientists to re-
sist the tetracycline and penicillin
classes of antibiotics.62 Although the en-
gineering of quinolone-resistant B an-
thracis may also be possible, to date
there have been no published ac-
counts of this.

Balancing considerations of efficacy
with concerns regarding resistance, the
working group recommends that cipro-
floxacin or other fluoroquinolone
therapy be initiated in adults with pre-
sumed inhalational anthrax infection.
Antibiotic resistance to penicillin- and
tetracycline-class antibiotics should be
assumed following a terrorist attack un-
til laboratory testing demonstrates oth-
erwise. Once the antibiotic suscepti-
bility of the B anthracis strain of the
index case has been determined, the
most widely available, efficacious, and
least toxic antibiotic should be admin-
istered to patients and persons requir-
ing postexposure prophylaxis.

In a contained casualty setting (a situ-
ation in which a modest number of pa-
tients require therapy), the working
group recommends intravenous antibi-
otic therapy, as shown in TABLE 2. If the
number of persons requiring therapy is
sufficiently high (ie, a mass casualty set-
ting), the working group recognizes that
intravenous therapy will no longer be
possible for reasons of logistics and/or ex-
haustion of equipment and antibiotic
supplies, and oral therapy will need to
be used (TABLE 3). The threshold num-

ber of cases at which parenteral therapy
becomes impossible depends on a vari-
ety of factors, including local and re-
gional health care resources.

In experimental animals, antibiotic
therapy during anthrax infection has
prevented development of an immune
response.28,62 This suggests that even if
the antibiotic-treated patient survives
anthrax infection, risk for recurrence
remains for at least 60 days because of
the possibility of delayed germination
of spores. Therefore, the working group
recommends that antibiotic therapy be
continued for 60 days, with oral therapy
replacing intravenous therapy as soon
as a patient’s clinical condition im-
proves. If vaccine were to become
widely available, postexposure vacci-
nation in patients being treated for an-
thrax infection might permit the dura-
tion of antibiotic administration to be
shortened to 30 to 45 days, with con-
comitant administration of 3 doses of
anthrax vaccine at 0, 2, and 4 weeks.

The treatment of cutaneous anthrax
historically has been with oral penicil-
lin. The working group recommends that
oral fluoroquinolone or tetracycline an-
tibiotics as well as amoxicillin in the adult
dosage schedules described in Tables 2
and 3 would be suitable alternatives if an-
tibiotic susceptibility is proved. Al-
though previous guidelines have sug-
gested treating cutaneous anthrax for 7
to 10 days,23,49 the working group rec-
ommends treatment for 60 days in the
setting of bioterrorism, given the pre-
sumed exposure to the primary aero-

sol. Treatment of cutaneous anthrax gen-
erally prevents progression to systemic
disease, although it does not prevent the
formation and evolution of the eschar.
Topical therapy is not useful.2

Other antibiotics effective against B
anthracis in vitro include chlorampheni-
col, erythromycin, clindamycin, ex-
tended-spectrum penicillins, macro-
lides, aminoglycosides, vancomycin
hydrochloride, cefazolin, and other first-
generation cephalosporins.58,59,64 The ef-
ficacy of these antibiotics has not been
tested in humans or animal studies. The
working group recommends the use of
these antibiotics only if the previously
cited antibiotics are unavailable or if the
strain is otherwise antibiotic resistant.
Natural resistance of B anthracis strains
exists against sulfamethoxazole, trimeth-
oprim, cefuroxime, cefotaxime so-
dium, aztreonam, and ceftazidime.58,59,64

Therefore, these antibiotics should not
be used in the treatment or prophy-
laxis of anthrax infection.

Postexposure Prophylaxis
Guidelines regarding which popula-
tions would require postexposure pro-
phylaxis following the release of an-
thrax as a biological weapon would
need to be developed quickly by state
and local health departments in con-
sultation with national experts. These
decisions require estimates of the tim-
ing and location of the exposure and the
relevant weather conditions in an out-
door release.65 Ongoing monitoring of
cases would be needed to define the

Table 2. Working Group Recommendations for Medical Therapy for Patients With Clinically Evident Inhalational Anthrax Infection
in the Contained Casualty Setting28,41,60,62,63*

Initial Therapy† Optimal Therapy if Strain Is Proven Susceptible Duration, d‡

Adults Ciprofloxacin, 400 mg intravenously
every 12 h

Penicillin G, 4 million U intravenously every 4 h
Doxycycline, 100 mg intravenously every 12 h§

60

Children\ Ciprofloxacin, 20-30 mg/kg per day
intravenously divided into 2 daily
doses, not to exceed 1 g/d

Age ,12 y: penicillin G, 50 000 U/kg intravenously every 6 h
Age $12 y: penicillin G, 4 million U intravenously every 4 h

60

Pregnant women¶ Same as for nonpregnant adults

Immunosuppressed persons Same as for nonimmunosuppressed adults and children

*Most recommendations are based on animal studies or in vitro studies and are not approved by the US Food and Drug Administration (FDA). These recommendations are not FDA
approved but were reached by consensus of the working group. See text for explanations and alternatives.

†In vitro studies suggest ofloxacin, 400 mg intravenously every 12 hours, or levofloxacin, 500 mg intravenously every 24 hours, could be substituted for ciprofloxacin.
‡Oral antibiotics should be substituted for intravenous antibiotics as soon as clinical condition improves.
§In vitro studies suggest tetracycline could be substituted for doxycycline.
\Doxycycline could also be used. For children heavier than 45 kg, use adult dosage. For children 45 kg or lighter, use 2.5 mg/kg doxycycline intravenously every 12 hours. Refer to

management of pediatric population in text for details.
¶Refer to section on management of pregnant women in text for details.
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high-risk areas, direct follow-up, and
guide the addition or deletion of groups
to receive postexposure prophylaxis.

There are no FDA-approved postex-
posure antibiotic regimens following
exposuretoananthraxaerosol.Forpost-
exposure prophylaxis, the working
group recommends the same antibi-
otic regimen as that recommended for
treatment of mass casualties; prophy-
laxis should be continued for 60 days
(Table 3).

Management of Special Groups
Consensus recommendations for spe-
cial groups as set forth herein reflect the
clinical and evidence-based judgments
of the working group and at this time do
not necessarily correspond with FDA-
approved use, indications, or labeling.

Children. It has been recommended
that ciprofloxacin and other fluoroqui-
nolones should not be used in children
younger than 16 to 18 years because of
a link to permanent arthropathy in ado-
lescent animals and transient arthropa-
thy in a small number of children.60 How-
ever, balancing these risks against the
risks of anthrax caused by an engi-
neered antibiotic-resistant strain, the
working group recommends that cipro-
floxacin be used in the pediatric popu-
lation for initial therapy or postexpo-
sure prophylaxis following an anthrax
attack (Table 2). If antibiotic suscepti-
bility testing allows, penicillin should be
substituted for the fluoroquinolone.

As a third alternative, doxycycline
could be used. The American Acad-

emy of Pediatrics has recommended
that doxycycline not be used in chil-
dren younger than 9 years because the
drug has resulted in retarded skeletal
growth in infants and discolored teeth
in infants and children.60 However, the
serious risk of infection following an an-
thrax attack supports the consensus rec-
ommendation that doxycycline be used
in children if antibiotic susceptibility
testing, exhaustion of drug supplies, or
allergic reaction preclude use of peni-
cillin and ciprofloxacin.

In a contained casualty setting, the
working group recommends that chil-
dren receive intravenous antibiotics
(Table 2). In a mass casualty setting and
as postexposure prophylaxis, the work-
ing group recommends that children re-
ceive oral antibiotics (Table 3).

The US vaccine is licensed for use
only in persons aged 18 to 65 years be-
cause studies to date have been con-
ducted exclusively in this group.52 No
data exist for children, but based on ex-
perience with other inactivated vac-
cines, it is likely that the vaccine would
be safe and effective.

Pregnant Women. Fluoroquino-
lones are not generally recommended
during pregnancy because of their
known association with arthropathy in
adolescent animals and small num-
bers of children. Animal studies have
discovered no evidence of teratogenic-
ity related to ciprofloxacin, but no con-
trolled studies of ciprofloxacin in preg-
nant women have been conducted.
Balancing these possible risks against

the concerns of anthrax due to engi-
neered antibiotic-resistant strains, the
working group recommends that cipro-
floxacin be used in pregnant women for
therapy and postexposure prophy-
laxis following an anthrax attack
(Tables 2 and 3). No adequate con-
trolled trials of penicillin or amoxicil-
lin administration during pregnancy ex-
ist. However, the CDC recommends
penicillin for the treatment of syphilis
during pregnancy and amoxicillin as a
treatment alternative for chlamydial in-
fections during pregnancy.60

The working group recommends that
pregnant women receive fluoroquino-
lones in the usual adult dosages. If sus-
ceptibility testing allows, intravenous
penicillin in the usual adult dosages
should be substituted for fluoroquino-
lones. As a third alternative, intrave-
nous doxycycline could be used. The
tetracycline class of antibiotics has been
associated with both toxic effects in the
liver in pregnant women and fetal toxic
effects, including retarded skeletal
growth.60 Balancing the risks of an-
thrax infection with those associated
with doxycycline use in pregnancy, the
working group recommends that doxy-
cycline be used in pregnant women for
therapy and postexposure prophy-
laxis if antibiotic susceptibility test-
ing, exhaustion of drug supplies, or al-
lergic sensitivity preclude the use of
penicillin and ciprofloxacin. If doxy-
cycline is used in pregnant women, pe-
riodic liver function testing should be
performed if possible.

Table 3. Working Group Recommendations for Medical Therapy for Patients With Clinically Evident Anthrax Infection in the Mass Casualty
Setting or for Postexposure Prophylaxis41*

Initial Therapy† Optimal Therapy if Strain Is Proven Susceptible Duration, d

Adults Ciprofloxacin, 500 mg by mouth every 12 h Amoxicillin, 500 mg every 8 h
Doxycycline, 100 mg by mouth every 12 h‡

60

Children§ Ciprofloxacin, 20-30 mg/kg per day by mouth
divided into 2 daily doses, not to exceed
1 g/d

Weight $20 kg: amoxicillin, 500 mg by mouth every 8 h
Weight ,20 kg: amoxicillin, 40 mg/kg divided into

3 doses to be taken every 8 h

60

Pregnant women\ Ciprofloxacin, 500 mg by mouth every 12 h Amoxicillin, 500 mg by mouth every 8 h 60

Immunosuppressed persons Same as for nonimmunosuppressed adults and children

*Most recommendations are based on animal studies or in vitro studies and are not approved by the US Food and Drug Administration (FDA). These recommendations are not FDA
approved but were reached by consensus of the working group. See text for explanations and alternatives.

†In vitro studies suggest ofloxacin, 400 mg by mouth every 12 hours, or levofloxacin, 500 mg by mouth every 24 hours, could be substituted for ciprofloxacin.
‡In vitro studies suggest tetracycline, 500 mg by mouth every 6 hours, could be substituted for doxycycline.
§Doxycycline could also be used. For children heavier than 45 kg, use adult dosage. For children 45 kg or lighter, use 2.5 mg/kg doxycycline by mouth every 12 hours. Refer to

management of pediatric population in text for details.
\Refer to management of pregnant population in text for details.
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Ciprofloxacin (and other fluoroqui-
nolones), penicillin, and doxycycline
(and other tetracyclines) are each ex-
creted in breast milk. Therefore, a
breast-feeding woman should be treated
or given prophylaxis with the same an-
tibiotic as her infant based on what is
most safe and effective for the infant
(see pediatric guidelines herein) to
minimize risk to the infant.

Immunosuppressed Persons. The
antibiotic treatment or postexposure
prophylaxis for anthrax among those
who are immunosuppressed has not
been studied in human or animal mod-
els of anthrax infection. Therefore, the
working group consensus recommen-
dation is to administer antibiotics as for
immunocompetent adults and chil-
dren (Tables 2 and 3).

INFECTION CONTROL
There are no data to suggest patient-
to-patient transmission of anthrax oc-
curs.8,46 Thus, standard barrier isola-
tion precautions are recommended for
hospitalized patients with all forms of
anthrax infection, but the use of high-
efficiency particulate air filter masks or
other measures for airborne protec-
tion are not indicated.66 There is no
need to immunize or provide prophy-
laxis to patient contacts (eg, house-
hold contacts, friends, coworkers) un-
less a determination is made that they,
like the patient, were exposed to the
aerosol at the time of the attack.

In addition to immediate notifica-
tion of the hospital epidemiologist and
state health department, the local hos-
pital microbiology laboratories should
be notified at the first indication of an-
thrax so that safe specimen processing
under biosafety level 2 conditions can
be undertaken.41,67 A number of disin-
fectants used for standard hospital in-
fection control, such as hypochlorite, are
effective in cleaning environmental sur-
faces contaminated with infected bodily
fluids.17,66

Proper burial or cremation of hu-
mans and animals who have died be-
cause of anthrax infection is impor-
tant in preventing further transmission
of the disease. Serious consideration

should be given to cremation. Embalm-
ing of bodies could be associated with
special risks.66 If autopsies are per-
formed, all related instruments and ma-
terials should be autoclaved or incin-
erated.66 Animal transmission might
occur if infected animal remains are not
cremated or buried.16,21

DECONTAMINATION
Recommendations regarding decontami-
nation in the event of an intentional aero-
solization of anthrax spores are based on
evidence concerning aerosolization, an-
thrax spore survival, and environmen-
tal exposures at Sverdlovsk and among
goat hair mill workers. The greatest risk
to human health following an inten-
tional aerosolization of anthrax spores
occurs during the period in which an-
thrax spores remain airborne, called pri-
mary aerosolization. The duration for
which spores remain airborne and the
distance spores travel before they be-
come noninfectious or fall to the ground
is dependent on meteorological condi-
tions and aerobiological properties of the
dispersed aerosol.8,65 Under circum-
stances of maximum survival and per-
sistence, the aerosol would be fully dis-
persed within hours to 1 day at most, well
before the first symptomatic cases would
be seen. Following the discovery that a
bioweaponhasbeenused, anthraxspores
may be detected on environmental sur-
faces using rapid assay kits or culture, but
they provide no indication as to the risk
of reaerosolization.

The risk that anthrax spores might
pose to public health after the period of
primary aerosolization can be inferred

from the Sverdlovsk experience, inves-
tigations in animal hair processing
plants, and modeling analyses by the US
Army. At Sverdlovsk, new cases of in-
halational anthrax developed as late as
43 days after the presumed date of re-
lease, but none occurred during the
months and years afterward.68 Some have
questioned whether any of those cases
with onset of disease beyond 7 days
might have represented illness follow-
ing resuspension of spores from the
ground or other surfaces, a process that
has been called secondary aerosoliza-
tion. While it is impossible to state with
certainty that secondary aerosoliza-
tions did not occur, it appears un-
likely. It should be noted that few ef-
forts were made to decontaminate the
environment after the accident and only
47 000 of the city’s 1 million inhabit-
ants were vaccinated.8 The epidemic
curve (FIGURE 4) is typical for a com-
mon-source epidemic, and it is pos-
sible to account for virtually all pa-
tients having been within the area of the
plume on the day of the accident. More-
over, if secondary aerosolization had
been important, new cases almost cer-
tainly would have continued for a pe-
riod well beyond the observed 43 days.

Although persons working with ani-
mal hair or hides are known to be at in-
creased risk of developing inhalational
or cutaneous anthrax, surprisingly few
of those exposed in the United States
have developed disease. During the first
half of this century, a significant num-
ber of goat hair mill workers were likely
exposed to aerosolized spores. Manda-
tory vaccination became a requirement

Figure 4. Day of Onset of Inhalational Anthrax Following Sverdlovsk Accident
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for working in goat hair mills only in the
1960s. Meanwhile, many unvacci-
nated person-years of high-risk expo-
sure had occurred, but only 13 cases of
inhalational anthrax were reported.19,44

One study of environmental exposure
was conducted at a Pennsylvania goat
hair mill at which workers were shown
to inhale up to 510 B anthracis par-
ticles of at least 5 µm in diameter per per-
son per 8-hour shift. These concentra-
tions of spores were constantly present
in the environment during the time of
this study,44 but no cases of inhala-
tional anthrax occurred.

Modeling analyses have been carried
out by US Army scientists seeking to de-
termine the risk of secondary aerosol-
ization. One study concluded that there
was no significant threat to personnel in
areas contaminated by 1 million spores
per square meter either from traffic on
asphalt-paved roads or from a runway
used by helicopters or jet aircraft.69 A
separate study showed that in areas of
ground contaminated with 20 million
Bacillus subtilis spores per square me-
ter, a soldier exercising actively for a
3-hour period would inhale between
1000 and 15 000 spores.70

Much has been written about the
technical difficulty of decontaminating
an environment contaminated with an-
thrax spores. A classic case is the expe-
rience at Gruinard Island in the United
Kingdom. During World War II, Brit-
ish military undertook explosives test-
ing with anthrax spores on this island
off the Scottish coast. Spores persisted
and remained viable for 36 years fol-
lowing the conclusion of testing. De-
contamination of the island occurred in
stages, beginning in 1979 and ending in
1987, when the island was finally de-
clared fully decontaminated. The total
cost is unpublished, but materials re-
quired included 280 tons of formalde-
hyde and 2000 tons of seawater.17,71

If an environmental surface is proved
to be heavily contaminated with an-
thrax spores in the immediate area of
a spill or close proximity to the point
of release of an anthrax aerosol, decon-
tamination of that area may decrease the
slight risk of acquiring anthrax by sec-

ondary aerosolization. However, de-
contamination of large urban areas or
even a building following an exposure
to an anthrax aerosol would be ex-
tremely difficult and is not indicated.
Although the risk of disease caused by
secondary aerosolization would be ex-
tremely low, it would be difficult to of-
fer absolute assurance that there was not
risk whatsoever. Postexposure vacci-
nation, if vaccine were available, might
be a possible intervention that could
further lower the risk of anthrax infec-
tion in this setting.

In the setting of an announced al-
leged anthrax release, such as the se-
ries of anthrax hoaxes occurring in many
areas of the United States in 1998,48 any
person coming in direct physical con-
tact with a substance alleged to be an-
thrax should perform thorough wash-
ing of the exposed skin and articles of
clothing with soap and water.72 Fur-
ther decontamination of directly ex-
posed individuals or of others is not in-
dicated. In addition, any person in direct
physical contact with the alleged sub-
stance should receive postexposure an-
tibiotic prophylaxis until the sub-
stance is proved not to be anthrax. If the
alleged substance is proved to be an-
thrax, immediate consultation with ex-
perts at the CDC and USAMRIID should
be obtained.

ADDITIONAL RESEARCH
To develop a maximally effective re-
sponse to a bioterrorist incident involv-
ing anthrax, the medical community will
require new knowledge of the organ-
ism, its genetics and pathogenesis, im-
proved rapid diagnostic techniques, im-
proved prophylactic and therapeutic
regimens, and an improved second-
generation vaccine.47 A recently pub-
lished Russian study indicates that genes
transferred from the related B cereus can
act to enable B anthracis to evade the pro-
tective effect of the live attenuated Rus-
sian vaccine in a rodent model.73 Re-
search is needed to determine the role
of these genes with respect to virulence
and ability to evade vaccine-induced im-
munity. Furthermore, the relevance of
this finding for the US vaccine needs to

beestablished.Anacceleratedvaccinede-
velopment effort is needed to allow the
manufacture of an improved second-
generation product that requires fewer
doses. Finally, an expanded knowledge
base is needed regarding possible maxi-
mum incubation times after inhalation
of spore-containing aerosols and opti-
mal postexposure antibiotic regimens.

Ex Officio Participants in the Working Group on Ci-
vilian Biodefense: George Curlin, MD, National In-
stitutes of Health, Bethesda, Md; Margaret Ham-
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RESEARCH LETTER

NIH Research Grants: Funding and Re-funding

To the Editor: National Institutes of Health (NIH) grants play
an important role in the careers of the research faculty in medi-
cal schools. Given the importance of NIH funding in an aca-
demic career, we sought to determine several aspects of NIH
funding that have, to the best of our knowledge, not been ex-
amined in detail. These are (1) the median length of time of
NIH funding during the academic life of an individual, (2) the
predictive value, for long-term funding, of receiving NIH fund-
ing at any given time, and (3) the effect of length of the un-
funded period on the likelihood that an investigator will be sub-
sequently funded.

Methods. We obtained the funding histories of individu-
als who were awarded any NIH grants in the index years
1972 and 1982, and tracked individual funding histories for
25 years and 15 years, respectively. Data consisted of the
number of grants each individual received annually follow-
ing the index year. A total of 1707 individuals received awards
in 1972 and 1639 in 1982. Because of the nature of record
keeping at the NIH, the precise length of each award was
not available. Based on the historical experience of NIH fund-
ing, we assumed that the average length of an NIH award is
4 years.

Results. The mean number of awards obtained by indi-
viduals throughout their careers was 2.5 for the 1972 and
3.3 for the 1982 cohort; the median for both groups was 2.0.
About 40% of individuals who obtain an NIH grant never
received another for the rest of their careers.

The best predictor of future funding appears to be the
number of grants garnered during a 10-year period. Thus,
for both the 1972 and 1982 cohorts, we computed the pro-
portion of individuals obtaining l, 2, or more than 2
awards over a 10-year period from 1972 to 1981 or 1982
to 1991, respectively. The distribution of the individuals
into these 3 categories was similar in the 2 cohorts: 39.0%
vs 35.0%, 18.3% vs 22.0%, and 42.4% vs 42.0%, respec-
tively. For individuals who only obtained 1 grant for the
10-year period (1972-1981 or 1982-1991), 92.5% and
93%, respectively, did not obtain any funding for the sub-
sequent period until 1997. Of those who received 1 addi-

tional grant (or a total of 2 grants for the 10-year period),
72% did not obtain any subsequent funding until 1997.
These 2 cohorts were in contrast with those who obtained
more than 2 grants for the 10-year interval. Only 27% of
these individuals failed to obtain a grant for the subse-
quent period.

Comment. The cumulative period of NIH funding ap-
pears to be rather brief for most individuals. Neither the pos-
session of an NIH grant nor the apparent ability to acquire
one based on prior research training or history predicts
whether an individual will receive future grants.

T. V. Rajan, MD, PhD
Jonathan Clive, PhD
University of Connecticut Health Center
Farmington

CORRECTIONS

Incorrect Equation: In the Original Contribution entitled “Empirical Evidence of
Design-Related Bias in Studies of Diagnostic Tests” published in the September
15, 1999, issue of THE JOURNAL (1999;282:1061-1066), the equation was incor-
rect. On page 1063, the equation should have appeared:

DOR =
Sensitivity

(1 − Sensitivity)
4

(1 − Specificity)

Specificity

Incorrect Color Reproduction: In the Consensus Statement entitled “Anthrax as
a Biological Weapon: Medical and Public Health Management” published in the
May 12, 1999, issue of THE JOURNAL (1999;281:1735-1745), the color of the pho-
tomicrograph in Figure 1 on page 1727 was incorrectly reproduced. The correct
image showing gram-positive anthrax bacilli in a peripheral blood smear from a
rhesus monkey that died of inhalational anthrax is shown below, left. A second
photomicrograph (lower magnification) of a gram stain of the peripheral blood of
a rhesus monkey that died of inhalational anthrax is also shown below, right.

Figure. Gram Stains of Bacillus anthracis

Left, Reprinted with permission from Zajtchuk R, Bellamy RF, eds. Textbook of
Military Medicine: Medical Aspects of Chemical and Biological Warfare. Wash-
ington, DC: Office of the Surgeon General, US Dept of the Army; 1997.

LETTERS
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•  All patients should be treated with anthrax vaccine if available; antibiotic treatment
should be continued until 3 doses of vaccine have been administered (day 0, 14
and 28). If vaccine is unavailable, antibiotic treatment should be continued for 60
days.

Prophylaxis::::
•  If vaccine is available, all exposed persons (as determined by local and state

health depts) should be vaccinated with 3 doses of anthrax vaccine (days 0, 14 and
28)

•  Start antibiotic prophylaxis immediately after exposure with ciprofloxicin (500 mg po
q 12 hrs) or doxycycline (100 mg po q 12 hrs). (If strain is penicillin-susceptible,
therapy can be modified to penicillin or amoxicillin.)

•  Antibiotic prophylaxis should be continued until 3 doses of vaccine have been
administered; if vaccine is unavailable, antibiotics should be continued for 60 days.
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PLACER COUNTY
HEALTH AND HUMAN SERVICES
COMMUNICABLE DISEASE CONTROL

Medical Treatment and Response to Suspected Anthrax:
Information for Health Care Providers During Biologic

Emergencies

 I. Key Summary Points
 II. Introduction/Epidemiology
 III. Significance as a Bioterrorist Agent
 IV. Clinical Manifestations

Inhalation Anthrax
Cutaneous Anthrax
Gastrointestinal Anthrax
Meningitis

 V. Laboratory Diagnosis
 VI. Handling Laboratory Specimens
 VII. Treatment

Inhalation anthrax (gastrointestinal, meningeal)
Cutaneous anthrax
Therapy for pediatric and pregnant patients

 VIII. Isolation of Patients
 IX. Disposal of Infectious Waste
 X. Autopsy and Handling of Corpses
 XI. Management of Exposed Persons
 XII. Reporting to the Health Department

During business hours
After business hours

 XIII. References
Summary Table on Antibiotic Treatment and Prophylaxis

ALL SUSPECT CASES OF ANTHRAX MUST BE REPORTED
IMMEDIATELY TO THE PLACER COUNTY HEALTH AND

HUMAN SERVICES, COMMUNICABLE DISEASE CONTROL:
During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,
please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375).
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 I. KEY SUMMARY POINTS

Epidemiology:

•  Anthrax can be transmitted by inhalation, ingestion, or inoculation

(inhalation is the most likely during a bioterrorist attack)

•  The spore form of anthrax is highly resistant to physical and chemical

agents; spores can persist in the environment for years

•  Anthrax is not transmitted from person to person

Clinical:

•  Incubation period is 1-5 days (range up to 43 days)

•  Inhalation anthrax presents as acute hemorrhagic mediastinitis

•  Biphasic illness, with initial phase characterized by nonspecific flu-like

illness followed by acute phase characterized by acute respiratory distress

and toxemia (sepsis)

•  Chest x-ray findings: Mediastinal widening in a previously healthy

patient in the absence of trauma is pathognomonic for anthrax

•  Mortality rate for inhalation anthrax approaches 90%, even with treatment.

Shock and death within 24 – 36 hours

Laboratory Diagnosis:

•  Laboratory specimens should be handled in a Biosafety Level 2 facility (e.g.

California state Microbial Diseases Laboratory, Placer County Public Health

Laboratory)

•  Gram stain shows gram positive bacilli, occurring singly or in short chains,

often with squared off ends (safety pin appearance). In advanced disease,

a gram stain of unspun blood may be positive

•  Distinguishing characteristics on culture include: non-hemolytic, non-motile,

capsulated bacteria that are susceptible to gamma phage lysis

•  ELISA and PCR tests are available at national reference laboratories

Patient Isolation:

•  Standard barrier isolation precautions. Patients do not require isolation

rooms

•  Anthrax is not transmitted person to person

Treatment:

•  Prompt initiation of antibiotic therapy is essential
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•  Antibiotic susceptibility testing is KEY to guiding treatment

•  Ciprofloxicin (400 mg IV q 12 hr) is the antibiotic of choice for penicillin-

resistant anthrax or for empiric therapy while awaiting susceptibility results

•  All patients should be treated with anthrax vaccine if available; antibiotic

treatment should be continued until 3 doses of vaccine have been

administered (day 0, 14 and 28). If vaccine is unavailable, antibiotic

treatment should be continued for 60 days.

Prophylaxis:

•  If vaccine is available, all exposed persons (as determined by local and

state health depts) should be vaccinated with 3 doses of anthrax vaccine

(days 0, 14 and 28)

•  Start antibiotic prophylaxis immediately after exposure with ciprofloxicin

(500 mg po q 12 hrs) or doxycycline (100 mg po q 12 hrs). (If strain is

penicillin-susceptible, therapy can be modified to penicillin or amoxicillin.)

•  Antibiotic prophylaxis should be continued until 3 doses of vaccine have

been administered; if vaccine is unavailable, antibiotics should be continued

for 60 days

ALL SUSPECT CASES OF ANTHRAX MUST BE REPORTED
IMMEDIATELY TO THE PLACER COUNTY HEALTH AND

HUMAN SERVICES, COMMUNICABLE DISEASE CONTROL:
During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375).

 II. Introduction/Epidemiology

Anthrax is a disease caused by Bacillus anthracis which can infect most warm-blooded

animals, including man. Transmission to humans usually occurs through contact with

infected animals or contaminated animal products. Humans become infected by

inoculation, inhalation, or ingestion of the bacterium. In humans, naturally-occurring
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anthrax primarily involves the skin or rarely, the lungs or the gastrointestinal tract. The

bacillus produces a resistant spore which could be dispersed as a small particle

aerosol. In the event of a biologic terrorist attack, aerosolization is the most likely

mode of transmission, and inhalational anthrax would be the predominant form of

disease affecting persons exposed to the aerosol.

The spore form of B. anthracis is highly resistant to physical and chemical agents. The

organism has been shown to persist for years in factories contaminated during the

processing of infected animal products. Soil, animal feed, and to a lesser extent, ground

water are the major reservoirs for anthrax.

Although human anthrax is infrequent and sporadic in the United States and most other

industrialized countries, human cases (primarily cutaneous) continue to be reported from

Africa, Asia, Europe, and the Americas. Although anthrax-contaminated soil exists in

many foci throughout the United States, the number of cases reported annually has

declined throughout the last five decades; five human cases (all cutaneous anthrax)

were reported between 1981-1996. A suspected case of anthrax in a patient without

a clear exposure history (e.g., a traveler returning from an area with known animal

cases or a person with exposure to imported animal hides) may be the first clue of

a bioterrorist attack. Therefore, even a single, suspect case should prompt

immediate notification of the Placer County Health and Human Services,

Communicable Disease Control, (Business hours: (530) 889-7141; After hours:

Health Officer Richard J. Burton, M.D., M.P.H., at (530) 889-7119)

Person to person transmission of anthrax is extremely rare.

 III. Significance as a Potential Bioterrorist Agent

 o Anthrax has been weaponized by many countries during the last 50 years,

including the United States (during the 1950's) and Iraq during the Gulf War.

 o Anthrax is easy to cultivate and spores are readily produced.

 o Anthrax spores are highly resistant to heat and disinfection.
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 o If aerosolized spores are inhaled, a severe hemorrhagic mediastinitis can occur

with mortality rates approaching 90% even with appropriate treatment.

 o Currently, anthrax vaccine is in limited supply in the United States and not

available to the general public.

 IV. Clinical Manifestations

During an act of bioterrorism, release of an aerosol will be the most likely route of

transmission. Given this, most exposed individuals will present with symptoms of

inhalation anthrax with only a few, if any, presenting with the cutaneous form of

the disease. Gastrointestinal anthrax would be much less likely.

Inhalation Anthrax presents as acute hemorrhagic mediastinitis after inhalation of

airborne particles contaminated with B. anthracis spores. Inhalation anthrax does not

present as an acute pneumonia.

Incubation period - illness usually occurs within 1-5 days of exposure (may be

as long as 43 days)

Symptoms - Typically biphasic illness

Initial Phase is characterized by flu-like symptoms:

mild, nonspecific respiratory illness

malaise, fatigue, myalgia

low-grade fever

nonproductive cough

mild chest discomfort (occasionally)

rhonchi may be heard, exam otherwise normal

Acute Phase develops after 2-5 days, it may be briefly preceded by 1-2 days of

improvement. Characteristic findings include:

acute severe respiratory distress

dyspnea, cyanosis, stridor and profuse diaphoresis

subcutaneous edema of chest and neck
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markedly elevated temperature, pulse, respiratory rate

moist crepitant rales

x-ray

findings:

mediastinal widening in an otherwise healthy persons is a

pathognomonic sign; pleural effusion may be present,

evidence of pneumonia is often lacking

Shock develops rapidly, sometimes accompanied by evidence of hemorrhagic

meningitis, and patients usually die within 24 hours of onset of the acute phase.

In prior outbreaks, mortality rates approached 90% despite appropriate antibiotic

therapy.

The differential diagnosis of acute mediastinitis includes: esophageal perforation;

trauma; contiguous spread from a head, neck or thoracic infection; and post-

surgical infections after cardiothoracic procedures. Anthrax should be strongly

considered in any previously healthy patient with acute mediastinitis.

The diagnosis of inhalation anthrax requires a very high index of suspicion,

most often based on epidemiologic evidence of a potential exposure. In the

initial stages after a bioterrorist attack, a recognized source of exposure

would likely be absent -- clinical suspicion is of utmost importance.

Cutaneous Anthrax: presents as a "malignant pustule or malignant carbuncle" resulting

from introduction of the anthrax bacillus beneath the skin by inoculation or contamination

of a pre-existent break in the skin.

Incubation period - ranges from 1-7 days but is commonly 2-5 days

Symptoms - an evolving skin lesion, usually located on the exposed parts of the

body (face, neck, arms), with a varying degree of associated edema. The skin

lesion typically progresses as follows:

Small, painless, pruritic papule >>> small ring of vesicles that coalesce

into a single large vesicle >>> vesicle ruptures to form depressed ulcer

>>> 1-3 cm eschar develops in center (7-10 days from onset of lesion)

>>> eschar falls off (after 1-2 weeks) leaving a permanent scar.
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Systemic symptoms including fever, headache, myalgias, and regional

lymphangitis/lymphadenopathy have been described. Lesions on the face and

neck may be associated with significant edema and impingement of the trachea

from neck swelling can occur. "Malignant edema" describes a syndrome with

marked edema, induration and multiple bullae at the site of inoculation

associated with generalized toxemia. Septicemia is rare. Untreated cutaneous

anthrax has a case fatality rate up to 20%, but fatalities are rare (< 1%) with

effective antibiotic treatment.

Gastrointestinal Anthrax: occurs after the ingestion of contaminated food, particularly

raw or undercooked meat from infected animals.

Incubation period - ranges from 2-7 days

Symptoms - Two clinical presentations, intestinal and oropharyngeal, have been

described. The symptoms of intestinal anthrax are initially nonspecific and

include nausea, vomiting, anorexia and fever. As the disease progresses,

abdominal pain, hematemesis and bloody diarrhea develop, occasionally

accompanied by ascites. The patient may present with the findings of an acute

surgical abdomen. Oropharyngeal anthrax is associated with cervical edema and

necrosis. A lesion, resembling a cutaneous anthrax lesion, may be seen in the

oral cavity on the posterior wall, the hard palate or the tonsils. Patients typically

complain of fever, dysphagia and lymphadenopathy. Toxemia, shock and

cyanosis characterize the terminal stages of both forms of the disease. The case

fatality rate for gastrointestinal anthrax ranges from 25 to 60%.

Meningitis: Meningitis occurs in less than 5% of cases, and may be a complication of

any form of anthrax (inhalational, gastrointestinal or cutaneous). Rarely does it occur

without a primary focus. It is usually hemorrhagic.

Incubation period - concurrent with or one to several days after the onset of

cutaneous, inhalation or gastrointestinal anthrax.

Symptoms - abrupt onset of meningeal symptoms including nausea, vomiting,

myalgia, chills and dizziness. Laboratory findings are notable for a hemorrhagic

meningitis. Encephalomyelitis and cortical hemorrhages have been reported;

death occurs in 1-6 days.

 V. Laboratory Diagnosis
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Laboratory work with clinical specimens must be done under Biosafety Level 2

conditions. If infection with Bacillus anthracis is suspected, please immediately

call the Placer County Health and Human Services, Communicable Disease Control

at (530) 889-7141 arrange for submission of specimens to an appropriate reference

laboratory for confirmatory testing. After hours call Placer County Health Officer

Richard J. Burton, M.D., M.P.H., at (530) 889-7119.

 o Culture is the definitive test for anthrax.

Bacillus anthracis can be isolated from blood, pleural fluid, CSF, ascitic fluid,

vesicular fluid or lesion exudate. Sputum cultures are rarely positive. When

culturing a lesion, collect either vesicular fluid or exudate from the ulcer. If there

is no visible exudate, lift the edge of the eschar with a pair of forceps and collect

the fluid near the edge.

Blood cultures may be positive for bacterial growth in 12-48 hours using standard

technology; however, the ability of most clinical microbiology laboratories to

definitively identify B. anthracis may be limited.

 o Microscopy

 � Gram stain

 � Gram stain should be performed on vesicular fluid or exudate from

ulcerative lesions for suspected cutaneous anthrax, pleural fluid

for suspected inhalation anthrax, and CSF for suspected

meningeal anthrax. In advanced disease, a gram stain of

unspun blood may be positive. The Gram stain shows gram

positive bacilli, usually occurring singly or in short chains, often

with squared-off ends (safety-pin appearance).

 � Direct Fluorescent Antibody (DFA) Test
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 � Rapid diagnostic staining technique. This test has been used to

examine exudate from cutaneous lesions, CSF and tissue. Not

generally helpful for inhalation anthrax because respiratory/pleural

fluid specimens are usually negative in the early stages of disease

when rapid diagnosis is most critical. Contact the Placer County

Public Health Laboratory at (530) 889-7205 for assistance.

 � Rapid diagnostic tests

 � An ELISA assay for protective antigen detection and PCR for

detection of nucleic acid can provide a preliminary diagnosis of

anthrax within several hours. Currently, these tests are only

available at reference laboratories.

 o Evaluation of a Blood Culture that is Suspicious for Anthrax: The following

steps are needed to presumptively identify anthrax in the microbiology

laboratory:

 � Overnight incubation on a blood or nutrient agar isolation plate

 � Gram stain shows large gram positive rods with square or concave ends

 � Blood agar colonies are non-hemolytic, rough, gray-white, tenacious

colonies with comma- shaped protrusions

 � Subculture to blood agar plates to test for lysis with gamma phage and

penicillin susceptibility. (NOTE: Although naturally-occurring anthrax

is penicillin-sensitive, in the event of a bioterrorist event, an anthrax

strain resistant to penicillin may have been released.)

 � Test for lack of growth on phenylethyl alcohol blood agar, lack of gelatin

hydrolysis, and lack of salicin fermentation

 � The bacterial capsule can be demonstrated on nutrient agar containing

0.7% sodium bicarbonate incubated overnight in a candle jar. Examine for

capsule with methylene blue or India ink.
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To distinguish Bacillus anthracis from other Bacillus species:

Distinguishing features include that Bacillus anthracis is non-hemolytic,

non-motile, capsulated and susceptible to gamma phage lysis.

Summary: Bacillus anthracis is a gram positive bacillus that is white

or gray in color, nonhemolytic or weakly so, nonmotile, gamma

phage and usually penicillin susceptible, and able to produce the

characteristic capsule.

 o Serology - not helpful for rapidly establishing the diagnosis during the acute

illness.

 o Autopsy Findings - identifying thoracic hemorrhagic necrotizing lymphadenitis

and hemorrhagic necrotizing mediastinitis in a previously healthy patient is

essentially pathognomonic for inhalation anthrax. Hemorrhagic meningitis would

also be a distinct clue to the diagnosis of anthrax.

**NOTE: In the event of a bioterrorist event, the anthrax strain may be penicillin

resistant. There are currently no NCCLS standards for susceptibility testing for B.

anthracis. Microbiology laboratories must alert the Placer County Public Health

Laboratory (530-889-7205, after hours 530-889-7119) as soon as B. anthracis is

identified so that susceptibility testing at a national reference laboratory can be

arranged. The results of susceptibility testing are crucial in guiding both therapy

and prophylaxis for potentially infected persons.

 VI. Handling Laboratory Specimens

Biosafety Level 2 practices, containment equipment and facilities are

recommended for procedures on clinical materials suspected as being positive for

anthrax. Laboratory staff handling specimens from persons who might have anthrax

must wear surgical gloves, protective gowns and shoe covers. Laboratory tests should

be performed in Biological Safety Level 2 cabinets and blood cultures should be

maintained in a closed system. Every effort should be made to avoid splashing or

creating an aerosol, and protective eye wear and masks should be worn if work cannot

be done in a Biological Safety Level 2 cabinet. A full-face mask respirator with a HEPA

(high efficiency particulate air) filter is an acceptable alternative to masks and protective

eye wear, but use of this equipment is not mandatory.
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Accidental spills of potentially contaminated material should be decontaminated

immediately by covering liberally with a disinfectant solution (5% hypochlorite or 10%

formalin), left to soak for 30 minutes, and wiped up with absorbent material soaked in

disinfectant. All biohazardous waste should be decontaminated by autoclaving.

Contaminated equipment or instruments may be decontaminated with a hypochlorite

solution, hydrogen peroxide, iodine, peracetic acid, 1% glutaraldehyde solution,

formaldehyde, ethylene oxide, copper irradiation or other O.S.H.A. approved solutions,

or by autoclaving or boiling for 10 minutes.

 VII. Treatment

The key to successful treatment is prompt administration of an antimicrobial at

the first suspicion of anthrax. During a biologic emergency, before susceptibility

is determined (which may take several days), assume penicillin and tetracycline

resistance and treat with ciprofloxacin at 400 mg IV every 12 hours. Penicillin is

the antibiotic of choice for treating infections with penicillin-sensitive anthrax.

Treatment for Non-Pregnant Adults:

Inhalation anthrax (this regimen also recommended for gastrointestinal and

meningeal anthrax)

 o For penicillin resistant anthrax, administer ciprofloxacin at 400 mg IV every 8

to 12 hours (Alternative quinolone options include: ofloxacin 400 mg IV every 12

hours or levofloxacin 500 mg IV every 24 hours). If the isolate is tetracycline

susceptible, doxycycline 200 mg initially, followed by 100mg IV every 12 hours is

equally efficacious.

 o For penicillin susceptible anthrax, administer Penicillin G IV 80,000 units/kg

body weight in the first hour followed by a maintenance dose of 320,000 units/kg

body weight/day. The average adult dose is 4 million units every 4 hours; can

also be administered as 2 million units every 2 hours. (Amoxicillin 500 mg IV

every 8 hours is an alternative regimen, with a dosing schedule that may be

easier to administer in the event of a large-scale outbreak.)
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 o Supportive therapy is often required (e.g., volume expanders, vasopressor

agents and oxygen). A tracheotomy may be needed if cervical edema

compromises the airways.

Cutaneous anthrax

 o Mild disease

Penicillin susceptible anthrax - Potassium penicillin V orally at 30 mg/kg body

weight/day in four equal portions every 6 hours, or amoxicillin 500 mg orally

every 8 hours.

Penicillin resistant anthrax - ciprofloxacin 500 mg orally every 12 hours or (if

tetracycline susceptible) doxycycline 100 mg orally every 12 hours.

 o Extensive lesions

Penicillin susceptible anthrax - Penicillin G IV 2-4 million units every 4-6 hours

or amoxicillin 500 mg IV every 8 hours.

Penicillin resistant anthrax - Ciprofloxacin 400 mg IV every 12 hours or (if

tetracycline susceptible) doxycycline 100 mg IV every 12 hours. When the

edema and systemic symptoms have improved, treatment may be completed

with the above oral regimens. In the absence of an aerosol exposure, therapy

should be continued for 7-10 days. The skin lesions will continue to evolve

despite the use of effective antibiotics but severe edema and systemic symptoms

will be prevented. Glucosteroids for the first 3-4 days of treatment may reduce

morbidity and mortality in severe cutaneous anthrax (malignant edema),

particularly in the setting of laryngeal edema.

Alternative Therapies

*** In the event of severe penicillin allergy, documented resistance of Bacillus anthracis

to penicillin, inability to administer the frequent IV dosing required for penicillin, or the

exhaustion of penicillin supplies; Ciprofloxacin (400 mg IV every 12 hours), Ofloxacin

(400 mg IV or orally every 8 to 12 hours), Levofloxacin (500 mg IV or orally every

24 hours) or Doxycycline (100 mg IV every 12 hours) (if proven susceptible) are the

preferred alternatives.
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In addition, the following drugs have been shown to have in vitro activity against anthrax

and could potentially be used as alternative agents in the event of an emergency, if the

preferred antimicrobials listed above are unavailable or in short supply:

erythromycin      aminoglycosides      vancomycin

imipenem      cephalothin/cefazolin      chloramphenicol

clindamycin      tetracycline      extended-spectrum penicillins

*** In vitro testing suggests that B. anthracis is generally resistant to

sulfamethoxazole, trimethoprim, cefuroxime, cefotaxime, ceftriaxone, ceftazadime,

and aztreonam. Therefore, these antibiotics should not be used for treatment or

prophylaxis of anthrax infection.***

Therapy in pediatric patients and pregnant women

 o For penicillin-resistant anthrax, although ciprofloxacin is not generally given to

children less than 16 years of age due to concerns about the development of

arthropathy, the high mortality rate from anthrax infection weighs heavily in favor

of using ciprofloxacin in this clinical situation. Ciprofloxacin should be given at 20-

30 mg/kg/day orally or IV in 2 divided doses, not to exceed 1 gram/day.

 o For penicillin-susceptible anthrax, Penicillin G is the drug of choice. The

recommended intravenous dose for children with severe cutaneous anthrax,

inhalation anthrax, or gastrointestinal anthrax is 250,000 units/kg body

weight/day administered every 4 hours. Amoxicillin 500 mg IV every 8 hours for

children > 20 kg and 40 mg/kg/day IV in divided doses every 8 hours for children

< 20 kg, is an alternative antibiotic. Oral formulations can be used for milder

disease or when IV therapy is not available.

 o If ciprofloxacin supplies are exhausted and the patient is penicillin allergic or the

anthrax strain is not susceptible to penicillin, doxycycline would be the preferred

alternative agent (5 mg/kg/day IV or orally divided every 12 hours). Although

doxycycline is not routinely administered to children < 8 years of age because of

the risk of discoloration of teeth, the high mortality rate from systemic anthrax

makes use of this agent the greater priority.
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 o Penicillin G is the drug of choice for pregnant women, if the isolate is penicillin-

susceptible. The dosing schedule is as outlined for adults above. Ciprofloxacin,

although not routinely prescribed during pregnancy, is the preferred alternative

drug for penicillin-resistant strains, as tetracyclines can result in rare but serious

liver toxicity during pregnancy. If doxycycline is used because of exhaustion of

quinolone supplies or severe allergy to either penicillin or ciprofloxacin, liver

function tests should be performed.

Vaccination and Duration of Therapy

 o All patients treated for inhalational anthrax should also receive anthrax vaccine

due to the risk that delayed germination of mediastinal spores can result in

disease recurrence. Three doses of vaccine (Days 0, 14 and 28) should be

administered.

 o In the absence of available anthrax vaccine, antibiotic treatment for inhalation

anthrax should be continued for 60 days. (Patients should be switched to oral

medications, as soon as possible.) If anthrax vaccine is available for post-

exposure vaccination, antibiotic therapy can be discontinued after three doses of

vaccine (Days 0, 14, and 28) have been administered.

 VIII. Isolation of Patients

Inhalation, cutaneous and gastrointestinal anthrax have never been transmitted directly

from human-to-human. All staff should observe Standard Precautions when caring for

patients with suspected or confirmed anthrax. In addition, the following is advised:

 o For cutaneous anthrax, cover the lesion with a sterile dressing. Contact Wound

and skin precautions should be observed for patients with skin lesions.

 o Gloves should be worn for touching potentially infective material; gowns should

be worn only if soiling is likely. Masks are not necessary, since patients with

inhalation anthrax do not produce small particle aerosols containing sufficient

spore counts (8,000 to 10,000 spores) to cause secondary infections.
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 o HANDS MUST BE WASHED AFTER TOUCHING THE PATIENT OR

POTENTIALLY CONTAMINATED ARTICLES AND BEFORE TAKING CARE

OF ANOTHER PATIENT.

 o Patients do not require isolation rooms.

 o Articles contaminated with infective material including bandages should be

discarded and bagged and labeled before being sent for decontamination and

reprocessing.

 IX. Disposal of Infectious Waste

Use of tracking forms, containment, storage, packaging, treatment and disposal methods

should be based upon the same rules as all other regulated medical wastes.

 X. Autopsy and Handling of Corpses

All postmortem procedures should be performed using Universal Precautions.

 o All persons performing or assisting in postmortem procedures must wear

mandated P.P.E. (personal protective equipment) as delineated by O.S.H.A.

guidelines.

 o Instruments should be autoclaved or sterilized with a 10% bleach solution or

other solutions approved by O.S.H.A. Surfaces contaminated during postmortem

procedures should be decontaminated with an appropriate chemical germicide

such as iodine, 10% hypochlorite or 5% phenol (carbolic acid).

 XI. Management of Exposed Persons

In the event of a bioterrorist release of Bacillus anthracis spores, it may be difficult to

define who has been exposed. Once the site of the attack is determined, all persons at

the site of the release or downwind of the release (assuming an aerosol dispersal) would

be considered potentially exposed.

Since inhalation anthrax does not spread from person to person, household and other

contacts (such as healthcare workers caring for cases) of exposed persons are not
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considered exposed and do not require prophylaxis (unless they too were exposed to

the aerosolized anthrax spores at the time of the attack).

 o Inhalational exposures: Initiation of antibiotic therapy quickly after exposure

has been shown to markedly reduce the mortality of inhalation anthrax in animal

studies. The best available prophylactic regimen is the combination of antibiotic

therapy and vaccination. Antibiotic susceptibility information on clinical isolates

should guide prophylactic antibiotic choices.

While awaiting antibiotic susceptibility test results, or if susceptibility results

confirm penicillin resistance, begin therapy immediately with oral ciprofloxacin

(500 mg po bid), levofloxacin (500 mg po per day), ofloxacin (400 mg po per bid),

or doxycycline (100 mg po bid). If the isolate is penicillin susceptible,

potassium penicillin V (30 mg/kg/day in 4 divided doses) or amoxicillin (500 mg

po every 8 hours) are the preferred preventive treatment.

 o Recommendations for prophylactic treatment of children, while awaiting antibiotic

susceptibility results or if susceptibility results confirm penicillin resistance,

include: ciprofloxacin (20-30 mg per kg of body mass per day divided every 12

hours) or doxycycline (5 mg per kg of body mass per day divided every 12

hours). If the isolate is penicillin-susceptible, all children should be treated with

a penicillin antibiotic (for children weighing at least 20 kg, amoxicillin 500 mg po

every 8 hours; for children < 20 kg, amoxicillin 40 mg per kg per day in divided

doses every 8 hours).

 o Duration of antibiotic prophylaxis: Therapy should be continued for at least 4

weeks, or until three doses of anthrax vaccine have been administered (Days 0,

14 and 28). If vaccine is unavailable, antibiotic prophylaxis should be continued

for at least 60 days, and withdrawn under medical supervision.

 o Exposures through cuts, abrasions or injections: Immediately wash the

infected part, and apply a disinfectant solution such as hypochlorite solution.

Promptly begin therapy as outlined under the treatment section for "Cutaneous

anthrax-mild disease"; continue therapy for 7-10 days. Anthrax vaccine is not

indicated.
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 o Ingestional exposures: Treat as for exposure by cuts or abrasions.

 o All persons exposed to anthrax should be instructed to watch for

signs/symptoms of flu-like illness for at least 7 days. Should such symptoms

occur, patients must be immediately evaluated by a physician for the possible

institution of intravenous antibiotic therapy.

 o VACCINATION - An alum-absorbed, cell-free killed vaccine for anthrax has been

developed and used primarily by the military and laboratory

workers/veterinarians. The vaccine efficacy against cutaneous anthrax has been

documented for humans; evidence for protection against inhalation and

gastrointestinal anthrax is limited to animal studies.

For prophylaxis, the vaccine is given parenterally (0.5mL subcutaneously) in

three doses 2 weeks apart (Days 0, 14 and 28). Currently, there are limited

vaccine supplies in the United States, and distribution is restricted to the military

or persons at high-risk due to occupational exposures. (NOTE: Data from animal

studies suggest that two doses of anthrax vaccine given two weeks apart may be

sufficient, and in the setting of limited vaccine supplies may be a practical

alternative).

Adverse reactions to anthrax vaccine are not common. About 6% of patients may

develop a local reaction and 2-3% experience mild systemic symptoms. (NOTE:

The FDA has only licensed the vaccine for use in healthy adults aged 18-65

years; the safety and efficacy of the vaccine for children and pregnant

women has not been studied).

For current information about the availability of human anthrax vaccine,

call the Placer County Health and Human Services, Communicable Disease

Control at (530) 889-7141.

 XII. Reporting to the Health Department

Human anthrax is a reportable disease in California. Although reporting of animal

anthrax is not required by California regulations, we strongly urge reporting of
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suspect animal cases as they may represent  exposure to a bioterrorism attack. All

suspect human cases should be reported immediately by phone:

 o During business hours

 � Report suspect cases of human and animal anthrax to:

Placer County Health and Human Services, Communicable Disease

Control at (530) 889-7141

 o After business hours

 � Human and animal cases call

Placer County Health Officer Richard J. Burton, M.D., M.P.H., at (530)

889-7119.
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 XIV. Table 1: Inhalational Anthrax Treatment and Prophylaxis

Therapy Prophylaxis*

Adult Doses Adult Doses

Susceptibility Results

Unknown or

Penicillin- Resistant**

Ciprofloxacin 400mg IV q 8- 12h

(Alternative quinolones include:

ofloxacin 400mg IV q 8-12h or

levofloxacin (500mg IV q 24h)

Doxycycline 200mg IV x 1, then

100mg IV q 12h (if tetracycline-

susceptible)

Ciprofloxacin 500mg po bid

(Alternative quinolones

include: ofloxacin 400mg po

q 8- 12h or levofloxacin

(500mg po q 24h

Doxycycline 100mg po bid (if

tetracycline susceptible)

Penicillin Susceptible Penicillin G 80,000 units per kg in 1st

hour followed by 320,000

units/kg/day. (Average adult dose is

4 million units q 4hr or 2 million units

q 2h)

Amoxicillin 500mg IV q 8h

Penicillin VK 30mg/kg/d in 4

divided doses

Amoxicillin 500mg po q 8h
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Pediatric Doses Pediatric Doses

Susceptibility results

unknown or penicillin-

resistant

Ciprofloxacin 20-30mg/kg/day IV in

2 divided doses (maximum daily

dose not to exceed 1 gram/d)

Doxycycline (if ciprofloxacin not

available) 4 mg/kg/d IV in 2 divided

doses

Ciprofloxacin 20-30mg/kg

per day po divided in 2

doses

Doxycycline 5mg/kg/per day

in 2 divided doses

Penicillin-susceptibility Penicillin G 250,000 units/kg per day

IV administered every 4 hours

Amoxacillin 500mg IV q 8h if > 20kg

or

40mg/kg per day IV divided into 3

doses if < 20kg

Penicillin VK 30 mg/kg per

day po administered in 4

divided doses

Amoxicillin 500mg po q 8h if

> 20kg

or

40mg/kg per day po divided

in 3 doses if < 20kg

* Antibiotic prophylaxis should be continued for 60 days if anthrax

vaccine is not available (or if vaccine is available, antibiotics should

be continued until 3rd dose of vaccine has been administered).

** In pregnant women, penicillin-resistant anthrax should be treated

with ciprofloxacin. If doxycycline is used, liver function tests should

be monitored closely.

NOc
tober 2001
Used with permission and adapted from the New York City Health Department/Bureau of Communicable
Diseases
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PLAGUE

ALL SUSPECT CASES OF PLAGUE MUST BE REPORTED IMMEDIATELY TO THE  HEALTH AND
HUMAN SERVICES COMMUNICABLE DISEASE CONTROL:

During business hours: (530) 889-7141
After hours (Health Officer Richard J. Burton, M.D., M.P.H.): (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the
Placer County Office of Emergency Services at (530) 886-5300 during business hours, or 24-hour

dispatch at (530) 886-5375 after business hours.)

Epidemiology:

•  Highly infectious after aerosolization
•  Person-to-person and animal-to-human transmission can occur with pneumonic

plague via respiratory droplet

Clinical:
•  Incubation period is 1-3 days (ranges up to 7 days)
•  Aerosolization would most likely result in pneumonic plague
•  Pneumonic plague presents with acute onset of high fevers, chills, headache, malaise

and a productive cough, that is initially watery before becoming bloody

Laboratory Diagnosis:
•  Bacterial cultures (blood, sputum, or lymph node aspirate specimens) should be

handled in a Biosafety Level 2 facility
•  Wright, Giemsa, or Wayson stain shows gram negative coccobacilli with bipolar

“safety-pin” appearance
•  Organism grows slowly (48 hrs for observable growth) on standard blood and

MacConkey agar
•  Immunoflourescent staining for capsule (F1 antigen) is diagnostic
•  Fluorescent antibody tests available through The Laboratory Response Network
•  Contact the Placer County Public Health Laboratory for assistance

Patient Isolation:
•  Strict respiratory isolation with droplet precautions (gown, gloves, and eye protection)

until the patient has received at least 48 hours of antibiotic therapy and shows clinical
improvement

Treatment:
•  Streptomycin (1 g IM bid) or gentamicin (5 mg/kg IM or IV qd) are the preferred

antibiotics
•  Tetracyclines or flouroquinolones are alternative choices
•  Co-trimoxazole is recommended for pregnant women and children between the ages

of 2 months and 8 years
•  Chloramphenicol should be used for plague meningitis

Prophylaxis:
•  Antibiotic prophylaxis is recommended for all persons exposed to the aerosol or

persons in close physical contact with a confirmed case
•  Tetracyclines or flouroquinolones are recommended for 7 days from last exposure to a

case
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THIS IS THE THIRD ARTICLE IN A

series entitled Medical and Pub-
lic Health Management Follow-
ing the Use of a Biological

Weapon: Consensus Statements of the
Working Group on Civilian Biode-
fense.1,2 The working group has iden-
tified a limited number of agents that,
if used as weapons, could cause dis-
ease and death in sufficient numbers to
cripple a city or region. These agents
also comprise the top of the list of
“Critical Biological Agents” recently de-
veloped by the Centers for Disease Con-
trol and Prevention (CDC).3 Yersinia
pestis, the causative agent of plague, is
one of the most serious of these. Given

the availability of Y pestis around the
world, capacity for its mass produc-
tion and aerosol dissemination, diffi-
culty in preventing such activities, high
fatality rate of pneumonic plague, and
potential for secondary spread of cases
during an epidemic, the potential use
of plague as a biological weapon is of
great concern.

CONSENSUS METHODS
The working group comprised 25 rep-
resentatives from major academic medi-
cal centers and research, government,
military, public health, and emergency
management institutions and agencies.

MEDLINE databases were searched
from January 1966 to June 1998 using
the Medical Subject Headings (MeSH)
plague, Yersinia pestis, biological weapon,

biological terrorism, biological warfare,
and biowarfare. Review of the bibliog-
raphies of the references identified by
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Objective The Working Group on Civilian Biodefense has developed consensus-
based recommendations for measures to be taken by medical and public health profes-
sionals following the use of plague as a biological weapon against a civilian population.

Participants The working group included 25 representatives from major academic
medical centers and research, government, military, public health, and emergency man-
agement institutions and agencies.

Evidence MEDLINE databases were searched from January 1966 to June 1998 for
the Medical Subject Headings plague, Yersinia pestis, biological weapon, biological ter-
rorism, biological warfare, and biowarfare. Review of the bibliographies of the refer-
ences identified by this search led to subsequent identification of relevant references pub-
lished prior to 1966. In addition, participants identified other unpublished references and
sources. Additional MEDLINE searches were conducted through January 2000.

Consensus Process The first draft of the consensus statement was a synthesis of in-
formation obtained in the formal evidence-gathering process. The working group was
convened to review drafts of the document in October 1998 and May 1999. The final
statement incorporates all relevant evidence obtained by the literature search in conjunc-
tion with final consensus recommendations supported by all working group members.

Conclusions An aerosolized plague weapon could cause fever, cough, chest pain,
and hemoptysis with signs consistent with severe pneumonia 1 to 6 days after expo-
sure. Rapid evolution of disease would occur in the 2 to 4 days after symptom onset
and would lead to septic shock with high mortality without early treatment. Early treat-
ment and prophylaxis with streptomycin or gentamicin or the tetracycline or fluoro-
quinolone classes of antimicrobials would be advised.
JAMA. 2000;283:2281-2290 www.jama.com
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this search led to subsequent identifi-
cation of relevant references published
prior to 1966. In addition, participants
identified other unpublished refer-
ences and sources in their fields of ex-
pertise. Additional MEDLINE searches
were conducted through January 2000
during the review and revisions of the
statement.

The first draft of the consensus state-
ment was a synthesis of information ob-
tained in the initial formal evidence-
gathering process. Members of the
working group were asked to make for-
mal written comments on this first draft
of the document in September 1998. The
document was revised incorporating
changes suggested by members of the
working group, which was convened to
review the second draft of the docu-
ment on October 30, 1998. Following
this meeting and a second meeting of the
working group on May 24, 1999, a third
draft of the document was completed,
reviewed, and revised. Working group
members had a final opportunity to re-
view the document and suggest revi-
sions. The final document incorpo-
rates all relevant evidence obtained by
the literature search in conjunction with
consensus recommendations sup-
ported by all working group members.

The assessment and recommenda-
tions provided herein represent the best
professional judgment of the working
group based on data and expertise cur-
rently available. The conclusions and
recommendations need to be regu-
larly reassessed as new information be-
comes available.

HISTORY AND POTENTIAL
AS A BIOTERRORIST AGENT
In AD 541, the first recorded plague pan-
demic began in Egypt and swept across
Europe with attributable population
losses of between 50% and 60% in North
Africa, Europe, and central and south-
ern Asia.4 The second plague pan-
demic, also known as the black death or
great pestilence, began in 1346 and even-
tually killed 20 to 30 million people in
Europe, one third of the European popu-
lation.5 Plague spread slowly and inexo-
rably from village to village by infected

rats and humans or more quickly from
country to country by ships. The pan-
demic lasted more than 130 years and
had major political, cultural, and reli-
gious ramifications. The third pan-
demic began in China in 1855, spread
to all inhabited continents, and ulti-
mately killed more than 12 million
people in India and China alone.4 Small
outbreaks of plague continue to occur
throughout the world.4,5

Advances in living conditions, pub-
lic health, and antibiotic therapy make
future pandemics improbable. How-
ever, plague outbreaks following use of
a biological weapon are a plausible threat.
In World War II, a secret branch of the
Japanese army, Unit 731, is reported to
have dropped plague-infected fleas over
populated areas of China, thereby caus-
ing outbreaks of plague.6 In the ensu-
ing years, the biological weapons pro-
grams of the United States and the Soviet
Union developed techniques to aerosol-
ize plague directly, eliminating depen-
dence on the unpredictable flea vector.
In 1970, the World Health Organiza-
tion (WHO) reported that, in a worst-
case scenario, if 50 kg of Y pestis were re-
leased as an aerosol over a city of 5
million, pneumonic plague could oc-
cur inasmanyas150000persons,36000
of whom would be expected to die.7 The
plague bacilli would remain viable as an
aerosol for 1 hour for a distance of up
to 10 km. Significant numbers of city in-
habitants might attempt to flee, further
spreading the disease.7

While US scientists had not suc-
ceeded in making quantities of plague
organisms sufficient to use as an effec-
tive weapon by the time the US offen-
sive program was terminated in 1970,
Soviet scientists were able to manufac-
ture large quantities of the agent suit-
able for placing into weapons.8 More
than 10 institutes and thousands of sci-
entists were reported to have worked
with plague in the former Soviet Union.8

In contrast, few scientists in the United
States study this disease.9

There is little published information
indicatingactionsofautonomousgroups
or individuals seeking todevelopplague
as a weapon. However, in 1995 in Ohio,

a microbiologist with suspect motives
was arrested after fraudulently acquir-
ing Y pestis by mail.10 New antiterrorism
legislation was introduced in reaction.

EPIDEMIOLOGY
Naturally Occurring Plague

Human plague most commonly occurs
when plague-infected fleas bite hu-
mans who then develop bubonic plague.
As a prelude to human epidemics, rats
frequently die in large numbers, precipi-
tating the movement of the flea popula-
tion from its natural rat reservoir to hu-
mans. Although most persons infected
by this route develop bubonic plague, a
small minority will develop sepsis with
no bubo, a form of plague termed pri-
mary septicemic plague. Neither bu-
bonic nor septicemic plague spreads di-
rectly from person to person. A small
percentage of patients with bubonic or
septicemic plague develop secondary
pneumonic plague and can then spread
the disease by respiratory droplet. Per-
sons contracting the disease by this route
develop primary pneumonic plague.11

Plague remains an enzootic infection
of rats, groundsquirrels, prairiedogs, and
other rodents on every populated con-
tinent except Australia.4 Worldwide, on
average in the last 50 years, 1700 cases
have been reported annually.4 In the
United States, 390 cases of plague were
reported from 1947 to 1996, 84% of
which were bubonic, 13% septicemic,
and 2% pneumonic. Concomitant case
fatality rates were 14%, 22%, and 57%,
respectively.12 Most US cases were in
New Mexico, Arizona, Colorado, and
California. Of the 15 cases following ex-
posure to domestic cats with plague, 4
were primary pneumonic plague.13 In the
United States, the last case of human-to-
human transmission of plague oc-
curred in Los Angeles in 1924.14,15

Although pneumonic plague has
rarely been the dominant manifesta-
tion of the disease, large outbreaks of
pneumonic plague have occurred.16 In
an outbreak in Manchuria in 1910-
1911, as many as 60000 persons devel-
oped pneumonic plague; a second large
Manchurian pneumonic plague out-
break occurred in 1920-1921.16,17 As
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would be anticipated in the preantibi-
otic era, nearly 100% of these cases were
reported to be fatal.16,17 Reports from the
Manchurian outbreaks suggested that in-
door contacts of affected patients were
at higher risk than outdoor contacts and
that cold temperature, increased humid-
ity, and crowding contributed to in-
creased spread.14,15 In northern India,
there was an epidemic of pneumonic
plague with 1400 deaths reported at
about the same time.15 While epidem-
ics of pneumonic plague of this scale
have not occurred since, smaller epi-
demics of pneumonic plague have oc-
curred recently. In 1997 in Madagas-
car, 1 patient with bubonic plague and
secondary pneumonic infection trans-
mitted pneumonic plague to 18 per-
sons, 8 of whom died.18

Plague Following Use
of a Biological Weapon
The epidemiology of plague following
its use as a biological weapon would dif-
fer substantially from that of naturally
occurring infection. Intentional dis-
semination of plague would most prob-
ably occur via an aerosol of Y pestis, a
mechanism that has been shown to pro-
duce disease in nonhuman primates.19

A pneumonic plague outbreak would
result with symptoms initially resem-
bling those of other severe respiratory
illnesses. The size of the outbreak would
depend on factors including the quan-
tity of biological agent used, character-
istics of the strain, environmental con-
ditions, and methods of aerosolization.
Symptoms would begin to occur 1 to
6 days following exposure, and people
would die quickly following onset of
symptoms.16 Indications that plague had
been artificially disseminated would be
the occurrence of cases in locations not
known to have enzootic infection, in
persons without known risk factors, and
in the absence of prior rodent deaths.

MICROBIOLOGY AND
VIRULENCE FACTORS
Y pestis is a nonmotile, gram-negative
bacillus, sometimes coccobacillus, that
shows bipolar (also termed safety pin)
staining with Wright, Giemsa, or Way-

son stain (FIGURE 1).20 Y pestis is a lac-
tose nonfermenter, urease and indole
negative, and a member of the Entero-
bacteriaceae family.21 It grows opti-
mally at 28°C on blood agar or Mac-
Conkey agar, typically requiring 48
hours for observable growth, but colo-
nies are initially much smaller than
other Enterobacteriaceae and may be
overlooked. Y pestis has a number of
virulence factors that enable it to sur-
vive in humans by facilitating use of
host nutrients, causing damage to host
cells, and subverting phagocytosis and
other host defense mechanisms.4,11,21,22

PATHOGENESIS AND
CLINICAL MANIFESTATIONS
Naturally Occurring Plague

In most cases of naturally occurring
plague, the bite by a plague-infected flea
leads to the inoculation of up to thou-
sands of organisms into a patient’s skin.
The bacteria migrate through cutane-
ous lymphatics to regional lymph nodes
where they are phagocytosed but re-
sist destruction. They rapidly multi-
ply, causing destruction and necrosis
of lymph node architecture with sub-
sequent bacteremia, septicemia, and en-
dotoxemia that can lead quickly to
shock, disseminated intravascular co-
agulation, and coma.21

Patients typically develop symptoms
of bubonic plague 2 to 8 days after being
bitten by an infected flea. There is sud-
den onset of fever, chills, and weakness
and the development of an acutely swol-
len tender lymph node, or bubo, up to
1 day later.23 The bubo most typically
develops in the groin, axilla, or cervical
region(FIGURE 2,A)and isoftensopain-
ful that it prevents patients from mov-
ing the affected area of the body. Buboes
are 1 to 10 cm in diameter, and the over-
lying skin is erythematous.21 They are
extremely tender, nonfluctuant, and
warm and are often associated with con-
siderable surrounding edema, but sel-
dom lymphangitis. Rarely, buboes
becomefluctuantandsuppurate. Inaddi-
tion, pustules or skin ulcerations may
occurat thesiteof the fleabite inaminor-
ity of patients. A small minority of
patients infected by fleas develop Y pes-

tissepticemiawithoutadiscernablebubo,
the form of disease termed primary sep-
ticemicplague.23 Septicemiacanalsoarise
secondary to bubonic plague.21 Septice-
mic plague may lead to disseminated
intravascular coagulation, necrosis of
small vessels, and purpuric skin lesions
(Figure 2, B). Gangrene of acral regions
suchasthedigitsandnosemayalsooccur
in advanced disease, a process believed
responsible for the name black death in
the second plague pandemic (Figure 2,
C).21 However, the finding of gangrene
would not be expected to be helpful in
diagnosing the disease in the early stages
of illness when early antibiotic treat-
ment could be lifesaving.

Secondary pneumonic plague devel-
ops in a minority of patients with bu-
bonic or primary septicemic plague—
approximately 12% of total cases in the
United States over the last 50 years.4 This
process, termed secondary pneumonic
plague, develops via hematogenous
spread of plague bacilli to the lungs. Pa-
tients commonly have symptoms of se-
vere bronchopneumonia, chest pain,
dyspnea, cough, and hemoptysis.16,21

Primary pneumonic plague result-
ing from the inhalation of plague ba-
cilli occurs rarely in the United States.12

Reports of 2 recent cases of primary
pneumonic plague, contracted after han-
dling cats with pneumonic plague, re-
veal that both patients had pneumonic
symptoms as well as prominent gastro-

Figure 1. Peripheral Blood Smear From
Patient With Septicemic Plague

Smear shows characteristic bipolar staining of Yersinia
pestis bacilli (Wright-Giemsa stain; magnification,
31000). Figure from Centers for Disease Control and
Prevention, Division of Vector-Borne Infectious Dis-
eases, Fort Collins, Colo.
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intestinal symptoms including nausea,
vomiting, abdominal pain, and diar-
rhea. Diagnosis and treatment were de-
layed more than 24 hours after symp-
tom onset in both patients, both of
whom died.24,25

Less common plague syndromes in-
clude plague meningitis and plague
pharyngitis. Plague meningitis follows
the hematogenous seeding of bacilli into
the meninges and is associated with fe-
ver and meningismus. Plague pharyn-
gitis follows inhalation or ingestion of
plague bacilli and is associated with cer-
vical lymphadenopathy.21

Plague Following Use
of a Biological Weapon
The pathogenesis and clinical manifes-
tations of plague following a biologi-

cal attack would be notably different
than naturally occurring plague. In-
haled aerosolized Y pestis bacilli would
cause primary pneumonic plague. The
time from exposure to aerosolized
plague bacilli until development of first
symptoms in humans and nonhuman
primates has been found to be 1 to 6
days and most often, 2 to 4 days.12,16,19,26

The first sign of illness would be ex-
pected to be fever with cough and dys-
pnea, sometimes with the production
of bloody, watery, or less commonly,
purulent sputum.16,19,27 Prominent gas-
trointestinal symptoms, including nau-
sea, vomiting, abdominal pain, and di-
arrhea, might be present.24,25

The ensuing clinical findings of pri-
mary pneumonic plague are similar to
those of any severe rapidly progres-
sive pneumonia and are quite similar
to those of secondary pneumonic
plague. Clinicopathological features
may help distinguish primary from sec-
ondary pneumonic plague.11 In con-
trast to secondary pneumonic plague,
features of primary pneumonic plague
would include absence of buboes (ex-
cept, rarely, cervical buboes) and, on
pathologic examination, pulmonary dis-
ease with areas of profound lobular exu-
dation and bacillary aggregation.11

Chest radiographic findings are vari-
able but bilateral infiltrates or consoli-
dation are common (FIGURE 3).22

Laboratory studies may reveal leu-
kocytosis with toxic granulations, co-

agulation abnormalities, aminotrans-
ferase elevations, azotemia, and other
evidence of multiorgan failure. All are
nonspecific findings associated with
sepsis and systemic inflammatory re-
sponse syndrome.11,21

The time from respiratory exposure to
death in humans is reported to have been
between 2 to 6 days in epidemics dur-
ing the preantibiotic era, with a mean of
2 to 4 days in most epidemics.16

DIAGNOSIS
Given the rarity of plague infection and
the possibility that early cases are a har-
binger of a larger epidemic, the first clini-
calor laboratory suspicionofplaguemust
lead to immediate notification of the hos-
pital epidemiologist or infection con-
trol practitioner, health department, and
the local or state health laboratory. De-
finitive tests can thereby be arranged rap-
idly through a state reference labora-
tory or, as necessary, the Diagnostic and
Reference Laboratory of the CDC and
early interventions instituted.

The early diagnosis of plague re-
quires a high index of suspicion in natu-
rally occurring cases and even more so
following the use of a biological weapon.
There are no effective environmental
warning systems to detect an aerosol of
plague bacilli.28

The first indication of a clandestine
terrorist attack with plague would most
likely be a sudden outbreak of illness
presenting as severe pneumonia and

Figure 2. Patients With Naturally Occurring Plague

A B C

A, Cervical bubo in patient with bubonic plague; B, petechial and ecchymotic bleeding into the skin in patient with septicemic plague; and C, gangrene of the digits
during the recovery phase of illness of patient shown in B. In plague following the use of a biological weapon, presence of cervical bubo is rare; purpuric skin lesions and
necrotic digits occur only in advanced disease and would not be helpful in diagnosing the disease in the early stages of illness when antibiotic treatment can be life-
saving. Figures from Centers for Disease Control and Prevention, Division of Vector-Borne Infectious Diseases, Fort Collins, Colo.

Figure 3. Chest Radiograph of Patient
With Primary Pneumonic Plague

Radiograph shows extensive lobar consolidation in left
lower and left middle lung fields. Figure from Cen-
ters for Disease Control and Prevention, Division of
Vector-Borne Infectious Diseases, Fort Collins, Colo.
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sepsis. If there are only small numbers
of cases, the possibility of them being
plague may be at first overlooked given
the clinical similarity to other bacte-
rial or viral pneumonias and that few
Western physicians have ever seen a
case of pneumonic plague. However,
the sudden appearance of a large num-
ber of previously healthy patients with
fever, cough, shortness of breath, chest
pain, and a fulminant course leading to
death should immediately suggest the
possibility of pneumonic plague or in-
halational anthrax.1 The presence of he-
moptysis in this setting would strongly
suggest plague (TABLE 1).22

There are no widely available rapid
diagnostic tests for plague.28 Tests that
would be used to confirm a suspected
diagnosis—antigen detection, IgM en-
zyme immunoassay, immunostain-
ing, and polymerase chain reaction—
are available only at some state health
departments, the CDC, and military
laboratories.21 The routinely used pas-
sive hemagglutination antibody detec-
tion assay is typically only of retrospec-
tive value since several days to weeks
usually pass after disease onset before
antibodies develop.

Microbiologic studies are important
in the diagnosis of pneumonic plague.
A Gram stain of sputum or blood may
reveal gram-negative bacilli or cocco-
bacilli.4,21,29 A Wright, Giemsa, or Way-
son stain will often show bipolar stain-
ing (Figure 1), and direct fluorescent
antibody testing, if available, may be
positive. In the unlikely event that a cer-
vical bubo is present in pneumonic
plague, an aspirate (obtained with a 20-
gauge needle and a 10-mL syringe con-
taining 1-2 mL of sterile saline for in-
fusing the node) may be cultured and
similarly stained (Table 1).22

Cultures of sputum, blood, or lymph
node aspirate should demonstrate
growth approximately 24 to 48 hours af-
ter inoculation. Most microbiology labo-
ratories use either automated or semi-
automated bacterial identification
systems. Some of these systems may mi-
sidentify Y pestis.12,30 In laboratories with-
out automated bacterial identification,
as many as 6 days may be required for

identification, and there is some chance
that the diagnosis may be missed en-
tirely. Approaches for biochemical char-
acterization of Y pestis are described in
detail elsewhere.20

If a laboratory using automated or
nonautomatedtechniques isnotified that
plague is suspected, it should split the
culture: 1 culture incubated at 28°C for
rapid growth and the second culture
incubated at 37°C for identification of
the diagnostic capsular (F1) antigen.
Usingthesemethods,upto72hoursmay
be required following specimen pro-
curement to make the identification
(May Chu, PhD, CDC, Fort Collins,
Colo, written communication, April 9,
1999). Antibiotic susceptibility testing
should be performed at a reference labo-
ratory because of the lack of standard-
ized susceptibility testing procedures for
Y pestis. A process establishing criteria
and training measures for laboratory
diagnosis of this disease is being under-
taken jointly by the Association of Pub-
lic Health Laboratories and the CDC.

VACCINATION
The US-licensed formaldehyde-killed
whole bacilli vaccine was discontinued
by its manufacturers in 1999 and is no
longer available. Plans for future licen-
sure and production are unclear. This
killed vaccine demonstrated efficacy in
preventing or ameliorating bubonic dis-
ease, but it does not prevent or amelio-

rate the development of primary pneu-
monic plague.19,31 It was used in special
circumstances for individuals deemed to
be at high risk of developing plague, such
as military personnel working in plague
endemic areas, microbiologists work-
ing with Y pestis in the laboratory, or
researchers working with plague-
infected rats or fleas. Research is ongo-
ing in the pursuit of a vaccine that pro-
tects against primary pneumonic
plague.22,32

THERAPY
Recommendations for the use of anti-
biotics following a plague biological
weapon exposure are conditioned by the
lack of published trials in treating plague
in humans, limited number of studies in
animals, and possible requirement to
treat large numbers of persons. A num-
ber of possible therapeutic regimens for
treating plague have yet to be ad-
equately studied or submitted for ap-
proval to the Food and Drug Adminis-
tration (FDA). For these reasons, the
working group offers consensus recom-
mendations based on the best available
evidence. The recommendations do not
necessarily represent uses currently ap-
proved by the FDA or an official posi-
tion on the part of any of the federal
agencies whose scientists participated in
these discussions. Recommendations
will need to be revised as further rel-
evant information becomes available.

Table 1. Diagnosis of Pneumonic Plague Infection Following Use of a Biological Weapon

Epidemiology
and symptoms

Sudden appearance of many persons with fever, cough, shortness of breath,
hemoptysis, and chest pain

Gastrointestinal symptoms common (eg, nausea, vomiting,
abdominal pain, and diarrhea)

Patients have fulminant course and high mortality

Clinical signs Tachypnea, dyspnea, and cyanosis

Pneumonic consolidation on chest examination

Sepsis, shock, and organ failure

Infrequent presence of cervical bubo

(Purpuric skin lesions and necrotic digits only in advanced disease)

Laboratory studies Sputum, blood, or lymph node aspirate

Gram-negative bacilli with bipolar (safety pin) staining on Wright, Giemsa, or
Wayson stain

Rapid diagnostic tests available only at some health departments, the Centers
for Disease Control and Prevention, and military laboratories

Pulmonary infiltrates or consolidation on chest radiograph

Pathology Lobular exudation, bacillary aggregation, and areas of necrosis in pulmonary
parenchyma
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In the United States during the last
50 years, 4 of the 7 reported primary
pneumonic plague patients died.12 Fa-
tality rates depend on various factors
including time to initiation of antibi-
otics, access to advanced supportive
care, and the dose of inhaled bacilli. The
fatality rate of patients with pneu-
monic plague when treatment is de-
layed more than 24 hours after symp-
tom onset is extremely high.14,24,25,33

Historically, the preferred treatment
for plague infection has been strepto-
mycin, an FDA-approved treatment for
plague.21,34,35 Administered early dur-
ing the disease, streptomycin has re-
duced overall plague mortality to the 5%
to 14% range.12,21,34 However, strepto-
mycin is infrequently used in the United
States and only modest supplies are
available.35 Gentamicin is not FDA ap-
proved for the treatment of plague but
has been used successfully36-39 and is rec-
ommended as an acceptable alterna-
tive by experts.23,40 In 1 case series, 8 pa-
tients with plague were treated with
gentamicin with morbidity or mortal-
ity equivalent to that of patients treated
with streptomycin (Lucy Boulanger,
MD, Indian Health Services, Crown
Point, NM, written communication, July
20, 1999). In vitro studies and an in vivo
study in mice show equal or improved
activity of gentamicin against many
strains of Y pestis when compared with
streptomycin.41,42 In addition, gentami-
cin is widely available, inexpensive, and
can be given once daily.35

Tetracycline and doxycycline also
have been used in the treatment and
prophylaxis of plague; both are FDA
approved for these purposes. In vitro
studies have shown that Y pestis suscep-
tibility to tetracycline43 and doxycy-
cline41,44 is equivalent to that of the
aminoglycosides. In another investiga-
tion, 13% of Y pestis strains in Madagas-
car were found to have some in vitro
resistance to tetracycline.45 Experimen-
tal murine models of Y pestis infection
have yielded data that are difficult to
extrapolate to humans. Some mouse
studies have shown doxycycline to be
a highly efficacious treatment of in-
fection44,46 or prophylaxis47 against na-

turally occurring plague strains. Ex-
perimental murine infection with
F1-deficient variants of Y pestis have
shown decreased efficacy of doxycy-
cline,47,48 but only 1 human case of F1-
deficient plague infection has been
reported.49 Russell and colleagues50

reported poor efficacy of doxycycline
againstplague-infectedmice,but thedos-
ing schedules used in this experiment
would have failed to maintain drug lev-
els above the minimum inhibitory con-
centration due to the short half-life of
doxycycline in mice. In another study,
doxycycline failed to prevent death in
mice intraperitoneally infected with 29
to 290 000 times the median lethal
inocula of Y pestis.51

There are no controlled clinical trials
comparing either tetracycline or doxy-
cycline to aminoglycoside in the treat-
ment of plague, but anecdotal case series
andanumberofmedical authorities sup-
port use of this class of antimicrobials
for prophylaxis and for therapy in the
event that streptomycin or gentamicin
cannotbeadministered.23,27,38-40,52-54 Based
on evidence from in vitro studies, ani-
mal studies, and uncontrolled human
data, the working group recommends
that the tetracycline class of antibiotics
be used to treat pneumonic plague if
aminoglycoside therapy cannot be
administered. This might be the case in
a mass casualty scenario when paren-
teral therapy was either unavailable or
impractical. Doxycycline would be con-
sidered pharmacologically superior to
other antibiotics in the tetracycline class
for this indication, because it is well
absorbed without food interactions, is
well distributed with good tissue pen-
etration, and has a long half-life.35

The fluoroquinolone family of anti-
microbials has demonstrated efficacy in
animal studies. Ciprofloxacin has been
demonstrated tobeat least asefficacious
as aminoglycosides and tetracyclines in
studies of mice with experimentally in-
duced pneumonic plague.44,50,51 In vitro
studiesalsosuggestequivalentorgreater
activity of ciprofloxacin, levofloxacin,
andofloxacinagainstYpestiswhencom-
pared with aminoglycosides or tetracy-
clines.41,55 However, there have been no

trials of fluoroquinolones in human
plague, and they are not FDA approved
for this indication.

Chloramphenicol has been used to
treat plague infection and has been rec-
ommended for treatmentofplaguemen-
ingitis because of its ability to cross the
blood-brainbarrier.21,34 However,human
clinical trials demonstrating the superi-
ority of chloramphenicol in the therapy
ofclassicplague infectionorplaguemen-
ingitis have not been performed. It has
been associated with dose dependent
hematologic abnormalities and with rare
idiosyncratic fatal aplastic anemia.35

A number of different sulfonamides
have been used successfully in the treat-
ment of human plague infection: sulfa-
thiazole,56 sulfadiazine, sulfamerazine,
and trimethoprim-sulfamethoxa-
zole.57,58 The 1970 WHO analysis re-
ported that sulfadiazine reduced mor-
tality for bubonic plague but was
ineffective against pneumonic plague
and was less effective than tetracycline
overall.59 In a study comparing trimeth-
oprim-sulfamethoxazole with strepto-
mycin, patients treated with trimetho-
prim-sulfamethoxazole had a longer
median duration of fever and a higher
incidence of complications.58 Authori-
ties have generally considered trimeth-
oprim-sulfamethoxazole a second-tier
choice.21,23,34 Some have recommended
sulfonamides only in the setting of pe-
diatric prophylaxis.22 No sulfonamides
have been FDA approved for the treat-
ment of plague.

Antimicrobials that have been shown
to have poor or only modest efficacy in
animal studies have included rifampin,
aztreonam, ceftazidime, cefotetan, and
cefazolin; these antibiotics should not be
used.42

Antibiotic resistance patterns must
also be considered in making treat-
ment recommendations. Naturally oc-
curring antibiotic resistance to the tet-
racycline class of drugs has occurred
rarely.4 Recently, a plasmid-mediated
multidrug-resistant strain was isolated
in Madagascar.60 A report published by
Russian scientists cited quinolone-
resistant Y pestis.61 There have been as-
sertions that Russian scientists have en-
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gineered multidrug-resistant strains of
Y pestis,8 although there is as yet no sci-
entific publication confirming this.

Recommendations
for Antibiotic Therapy
The working group treatment recom-
mendations are based on literature re-
ports on treatment of human disease,
reports of studies in animal models, re-
ports on in vitro susceptibility testing,
and antibiotic safety. Should antibi-
otic susceptibility testing reveal resis-
tance, proper antibiotic substitution
would need to be made.

In a contained casualty setting, a situ-
ation in which a modest number of pa-
tients require treatment, the working
group recommends parenteral antibi-
otic therapy (TABLE 2). Preferred par-
enteral forms of the antimicrobials
streptomycin or gentamicin are recom-
mended. However, in a mass casualty
setting, intravenous or intramuscular
therapy may not be possible for rea-
sons of patient care logistics and/or ex-
haustion of equipment and antibiotic
supplies, and parenteral therapy will
need to be supplanted by oral therapy.
In a mass casualty setting, the work-
ing group recommends oral therapy,
preferably with doxycycline (or tetra-
cycline) or ciprofloxacin (Table 2).

Patients with pneumonic plague will
require substantial advanced medical
supportive care in addition to antimi-
crobial therapy. Complications of gram-
negative sepsis would be expected, in-
cluding adult respiratory distress
syndrome, disseminated intravascular
coagulation, shock, and multiorgan
failure.23

Once it was known or strongly sus-
pected that pneumonic plague cases
were occurring, anyone with fever or
cough in the presumed area of expo-
sure should be immediately treated with
antimicrobials for presumptive pneu-
monic plague. Delaying therapy until
confirmatory testing is performed would
greatly decrease survival.59 Clinical de-
terioration of patients despite early ini-
tiation of empiric therapy could signal
antimicrobial resistance and should be
promptly evaluated.

Table 2. Working Group Recommendations for Treatment of Patients With Pneumonic
Plague in the Contained and Mass Casualty Settings and for Postexposure Prophylaxis*

Patient Category Recommended Therapy

Contained Casualty Setting

Adults Preferred choices
Streptomycin, 1 g IM twice daily

Gentamicin, 5 mg/kg IM or IV once daily or 2 mg/kg loading dose followed
by 1.7 mg/kg IM or IV 3 times daily†

Alternative choices
Doxycycline, 100 mg IV twice daily or 200 mg IV once daily

Ciprofloxacin, 400 mg IV twice daily‡

Chloramphenicol, 25 mg/kg IV 4 times daily§

Children\ Preferred choices
Streptomycin, 15 mg/kg IM twice daily (maximum daily dose, 2 g)

Gentamicin, 2.5 mg/kg IM or IV 3 times daily†

Alternative choices
Doxycycline,

If $45 kg, give adult dosage

If ,45 kg, give 2.2 mg/kg IV twice daily (maximum, 200 mg/d)

Ciprofloxacin, 15 mg/kg IV twice daily‡

Chloramphenicol, 25 mg/kg IV 4 times daily§

Pregnant women¶ Preferred choice
Gentamicin, 5 mg/kg IM or IV once daily or 2 mg/kg loading dose followed

by 1.7 mg/kg IM or IV 3 times daily†

Alternative choices
Doxycycline, 100 mg IV twice daily or 200 mg IV once daily

Ciprofloxacin, 400 mg IV twice daily‡

Mass Casualty Setting and Postexposure Prophylaxis#

Adults Preferred choices
Doxycycline, 100 mg orally twice daily††

Ciprofloxacin, 500 mg orally twice daily‡

Alternative choice
Chloramphenicol, 25 mg/kg orally 4 times daily§**

Children\ Preferred choice
Doxycycline,††

If $45 kg, give adult dosage

If ,45 kg, then give 2.2 mg/kg orally twice daily

Ciprofloxacin, 20 mg/kg orally twice daily

Alternative choices
Chloramphenicol, 25 mg/kg orally 4 times daily§**

Pregnant women¶ Preferred choices
Doxycycline, 100 mg orally twice daily††

Ciprofloxacin, 500 mg orally twice daily

Alternative choices
Chloramphenicol, 25 mg/kg orally 4 times daily§**

*These are consensus recommendations of the Working Group on Civilian Biodefense and are not necessarily ap-
proved by the Food and Drug Administration. See “Therapy” section for explanations. One antimicrobial agent should
be selected. Therapy should be continued for 10 days. Oral therapy should be substituted when patient’s condition
improves. IM indicates intramuscularly; IV, intravenously.

†Aminoglycosides must be adjusted according to renal function. Evidence suggests that gentamicin, 5 mg/kg IM or IV
once daily, would be efficacious in children, although this is not yet widely accepted in clinical practice. Neonates up
to 1 week of age and premature infants should receive gentamicin, 2.5 mg/kg IV twice daily.

‡Other fluoroquinolones can be substituted at doses appropriate for age. Ciprofloxacin dosage should not exceed 1
g/d in children.

§Concentration should be maintained between 5 and 20 µg/mL. Concentrations greater than 25 µg/mL can cause
reversible bone marrow suppression.35,62

\Refer to “Management of Special Groups” for details. In children, ciprofloxacin dose should not exceed 1 g/d, chlor-
amphenicol should not exceed 4 g/d. Children younger than 2 years should not receive chloramphenicol.

¶Refer to “Management of Special Groups” for details and for discussion of breastfeeding women. In neonates, gen-
tamicin loading dose of 4 mg/kg should be given initially.63

#Duration of treatment of plague in mass casualty setting is 10 days. Duration of postexposure prophylaxis to prevent
plague infection is 7 days.

**Children younger than 2 years should not receive chloramphenicol. Oral formulation available only outside the United
States.

††Tetracycline could be substituted for doxycycline.
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Management of Special Groups
Consensus recommendations for spe-
cial groups as set forth in the following
reflect the clinical and evidence-based
judgments of the working group and do
not necessarily correspond to FDA ap-
proved use, indications, or labeling.

Children. The treatment of choice for
plague in children has been streptomy-
cin or gentamicin.21,40 If aminoglyco-
sides are not available or cannot be
used, recommendations for alterna-
tive antimicrobial treatment with effi-
cacy against plague are conditioned by
balancing risks associated with treat-
ment against those posed by pneu-
monic plague. Children aged 8 years
and older can be treated with tetracy-
cline antibiotics safely.35,40 However, in
children younger than 8 years, tetra-
cycline antibiotics may cause discol-
ored teeth, and rare instances of re-
tarded skeletal growth have been
reported in infants.35 Chlorampheni-
col is considered safe in children ex-
cept for children younger than 2 years
who are at risk of “gray baby syn-
drome.”35,40 Some concern exists that
fluoroquinolone use in children may
cause arthropathy,35 although fluoro-
quinolones have been used to treat se-
rious infections in children.64 No com-
parative studies assessing efficacy or
safety of alternative treatment strate-
gies for plague in children has or can
be performed.

Given these considerations, the work-
ing group recommends that children in
the contained casualty setting receive
streptomycin or gentamicin. In a mass
casualty setting or for postexposure pro-
phylaxis, we recommend that doxycy-
cline be used. Alternatives are listed for
both settings (Table 2). The working
group assessment is that the potential
benefits of these antimicrobials in the
treating of pneumonic plague infection
substantially outweigh the risks.

Pregnant Women. It has been rec-
ommended that aminoglycosides be
avoided in pregnancy unless severe ill-
ness warrants,35,65 but there is no more
efficacious treatment for pneumonic
plague. Therefore, the working group
recommends that pregnant women in

the contained casualty setting receive
gentamicin (Table 2). Since streptomy-
cin has been associated with rare re-
ports of irreversible deafness in chil-
dren following fetal exposure, this
medication should be avoided if pos-
sible.35 The tetracycline class of antibi-
otics has been associated with fetal
toxicity including retarded skeletal
growth,35 although a large case-control
study of doxycycline use in pregnancy
showed no significant increase in tera-
togenic risk to the fetus.66 Liver toxic-
ity has been reported in pregnant women
following large doses of intravenous tet-
racycline (no longer sold in the United
States), but it has also been reported fol-
lowing oral administration of tetracy-
cline to nonpregnant individuals.35 Bal-
ancing the risks of pneumonic plague
infection with those associated with
doxycycline use in pregnancy, the work-
ing group recommends that doxycy-
cline be used to treat pregnant women
with pneumonic plague if gentamicin is
not available.

Of the oral antibiotics historically
used to treat plague, only trimethoprim-
sulfamethoxazole has a category C preg-
nancy classification65; however, many
experts do not recommend trimetho-
prim-sulfamethoxazole for treatment of
pneumonic plague. Therefore, the
working group recommends that preg-
nant women receive oral doxycycline
for mass casualty treatment or postex-
posure prophylaxis. If the patient is un-
able to take doxycycline or the medi-
cation is unavailable, ciprofloxacin or
other fluoroquinolones would be rec-
ommended in the mass casualty set-
ting (Table 2).

Theworkinggrouprecommendation
for treatment of breastfeeding women
is to provide the mother and infant with
thesameantibioticbasedonwhat ismost
safe and effective for the infant: genta-
micin in the contained casualty setting
anddoxycycline inthemasscasualtyset-
ting.Fluoroquinoloneswouldbetherec-
ommended alternative (Table 2).

Immunosuppressed Persons. The
antibiotic treatment or postexposure pro-
phylaxis for pneumonic plague among
those who are immunosuppressed has

not been studied in human or animal
models of pneumonic plague infection.
Therefore, the consensus recommenda-
tion is to administer antibiotics accord-
ing to the guidelines developed for im-
munocompetent adults and children.

POSTEXPOSURE PROPHYLAXIS
RECOMMENDATIONS
The working group recommends that
in a community experiencing a pneu-
monic plague epidemic, all persons de-
veloping a temperature of 38.5°C or
higher or new cough should promptly
begin parenteral antibiotic treatment.
If the resources required to adminis-
ter parenteral antibiotics are unavail-
able, oral antibiotics should be used
according to the mass casualty recom-
mendations (Table 2). For infants in
this setting, tachypnea would also be
an additional indication for immedi-
ate treatment.29 Special measures would
need to be initiated for treatment or pro-
phylaxis of those who are either un-
aware of the outbreak or require spe-
cial assistance, such as the homeless or
mentally handicapped persons. Con-
tinuing surveillance of patients would
be needed to identify individuals and
communities at risk requiring postex-
posure prophylaxis.

Asymptomatic persons having house-
hold, hospital, or other close contact
with persons with untreated pneu-
monic plague should receive postex-
posure antibiotic prophylaxis for 7
days29 and watch for fever and cough.
Close contact is defined as contact with
a patient at less than 2 meters.16,31 Tet-
racycline, doxycycline, sulfonamides,
and chloramphenicol have each been
used or recommended as postexpo-
sure prophylaxis in this setting.16,22,29,31,59

Fluoroquinolones could also be used
based on studies in mice.51

The working group recommends the
use of doxycycline as the first choice
antibiotic for postexposure prophy-
laxis; other recommended antibiotics
are noted (Table 2). Contacts who de-
velop fever or cough while receiving
prophylaxis should seek prompt medi-
cal attention and begin antibiotic treat-
ment as described in Table 2.
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INFECTION CONTROL
Previous public health guidelines have
advised strict isolation for all close con-
tacts of patients with pneumonic plague
who refuse prophylaxis.29 In the mod-
ern setting, however, pneumonic plague
has not spread widely or rapidly in a
community,4,14,24 and therefore isola-
tion of close contacts refusing antibi-
otic prophylaxis is not recommended
by the working group. Instead, per-
sons refusing prophylaxis should be
carefully watched for the develop-
ment of fever or cough during the first
7 days after exposure and treated im-
mediately should either occur.

Modern experience with person-to-
person spread of pneumonic plague is
limited; few data are available to make
specific recommendations regarding ap-
propriate infectioncontrolmeasures.The
available evidence indicates that person-
to-person transmission of pneumonic
plague occurs via respiratory droplets;
transmission by droplet nuclei has not
been demonstrated.14-17 In large pneu-
monic plague epidemics earlier this cen-
tury, pneumonic plague transmission
was prevented in close contacts by wear-
ing masks.14,16,17 Commensurate with
this, existing national infection control
guidelines recommend the use of dis-
posable surgical masks to prevent the
transmission of pneumonic plague.29,67

Given the available evidence, the
working group recommends that, in ad-
dition to beginning antibiotic prophy-
laxis, persons living or working in close
contact with patients with confirmed or
suspectpneumonicplaguethathavehad
less than48hoursofantimicrobial treat-
ment should follow respiratory droplet
precautions and wear a surgical mask.
Further, theworkinggrouprecommends
avoidance of unnecessary close contact
withpatientswithpneumonicplagueun-
til at least 48 hours of antibiotic therapy
and clinical improvement has taken
place. Other standard respiratory drop-
let precautions (gown, gloves, and eye
protection) should be used as well.29,31

The patient should remain isolated
during the first 48 hours of antibiotic
therapy and until clinical improvement
occurs.29,31,59 If large numbers of pa-

tients make individual isolation impos-
sible, patients with pneumonic plague
may be cohorted while undergoing an-
tibiotic therapy. Patients being trans-
ported should also wear surgical masks.
Hospital rooms of patients with pneu-
monic plague should receive terminal
cleaning in a manner consistent with
standard precautions, and clothing or lin-
ens contaminated with body fluids of pa-
tients infected with plague should be dis-
infected as per hospital protocol.29

Microbiology laboratory personnel
should be alerted when Y pestis is sus-
pected. Four laboratory-acquired cases
of plague have been reported in the
United States.68 Simple clinical mate-
rials and cultures should be processed
in biosafety level 2 conditions.31,69 Only
during activities involving high poten-
tial for aerosol or droplet production
(eg, centrifuging, grinding, vigorous
shaking, and animal studies) are bio-
safety level 3 conditions necessary.69

Bodies of patients who have died fol-
lowing infection with plague should be
handled with routine strict precau-
tions.29 Contact with the remains should
be limited to trained personnel, and the
safety precautions for transporting
corpses for burial should be the same as
those when transporting ill patients.70

Aerosol-generating procedures, such as
bone-sawing associated with surgery or
postmortem examinations, would be
associated with special risks of trans-
mission and are not recommended. If
such aerosol-generating procedures are
necessary, then high-efficiency particu-
late air filtered masks and negative-
pressure rooms should be used as would
be customary in cases in which conta-
gious biological aerosols, such as Myco-
bacterium tuberculosis, aredeemedapos-
sible risk.71

ENVIRONMENTAL
DECONTAMINATION
There is no evidence to suggest that re-
sidual plague bacilli pose an environ-
mental threat to the population follow-
ing thedissolutionof theprimaryaerosol.
There is no spore form in the Y pestis life
cycle, so it is far more susceptible to en-
vironmental conditions than sporulat-

ing bacteria such as Bacillus anthracis.
Moreover, Y pestis is very sensitive to the
action of sunlight and heating and does
not survive long outside the host.72 Al-
though some reports suggest that the
bacterium may survive in the soil for
some time,72 there is no evidence to sug-
gest environmental risk to humans in this
setting and thus no need for environ-
mental decontamination of an area ex-
posed to an aerosol of plague. In the
WHO analysis, in a worst case scenario,
a plague aerosol was estimated to be ef-
fective and infectious for as long as 1
hour.7 In the setting of a clandestine re-
lease of plague bacilli, the aerosol would
have dissipated long before the first case
of pneumonic plague occurred.

ADDITIONAL RESEARCH
Improving the medical and public
health response to an outbreak of
plague following the use of a biologi-
cal weapon will require additional
knowledge of the organism, its genet-
ics, and pathogenesis. In addition, im-
proved rapid diagnostic and standard
laboratory microbiology techniques are
necessary. An improved understand-
ing of prophylactic and therapeutic an-
tibiotic regimens would be of benefit in
defining optimal antibiotic strategy.
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ALL SUSPECT CASES OF PLAGUE MUST BE REPORTED

IMMEDIATELY TO THE PLACER COUNTY HEALTH AND

HUMAN SERVICES, COMMUNICABLE DISEASE CONTROL:

During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer

Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375).
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 I. KEY SUMMARY POINTS

Epidemiology:

•  Highly infectious after aerosolization

•  Person-to-person and animal-to-human transmission can occur with

pneumonic plague via respiratory droplet

Clinical:

•  Incubation period is 1-3 days (ranges up to 7 days)

•  Aerosolization would most likely result in pneumonic plague

•  Pneumonic plague presents with acute onset of high fevers, chills, headache,

malaise and a productive cough, that is initially watery before becoming bloody

Laboratory Diagnosis:

•  Bacterial cultures (blood, sputum, or lymph node aspirate specimens) should

be handled in a Biosafety Level 2 facility

•  Wright, Giemsa, or Wayson stain shows gram negative coccobacilli with

bipolar “safety-pin” appearance

•  Organism grows slowly (48 hrs for observable growth) on standard blood and

MacConkey agar

•  Immunoflourescent staining for capsule (F1 antigen) is diagnostic

Patient Isolation:

•  Strict respiratory isolation with droplet precautions (gown, gloves, and eye

protection) until the patient has received at least 48 hours of antibiotic therapy

and shows clinical improvement

Treatment:

•  Streptomycin (1 g IM bid) or gentamicin (5 mg/kg IM or IV qd) are the preferred

antibiotics

•  Tetracyclines or flouroquinolones are alternative choices

•  Co-trimoxazole is recommended for pregnant women and children between

the ages of 2 months and 8 years

•  Chloramphenicol should be used for plague meningitis

Prophylaxis:

•  Antibiotic prophylaxis is recommended for all persons exposed to the aerosol

or persons in close physical contact with a confirmed case

•  Tetracyclines or flouroquinolones are recommended for 7 days from last

exposure to a case
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ALL SUSPECT CASES OF PLAGUE MUST BE REPORTED

IMMEDIATELY TO THE PLACER COUNTY HEALTH AND

HUMAN SERVICES, COMMUNICABLE DISEASE CONTROL:

During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,
please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375).

 II. Introduction/Epidemiology

Plague is transmitted by a gram-negative bacillus, Yersinia pestis, of the family

Enterobacteriaceae. Plague is a zoonosis and can be transmitted by flea vectors from

rodents to humans, and by respiratory droplets from animals to humans and humans to

humans. Plague has three clinical forms: bubonic, primary septicemic and pneumonic

disease. Primary pneumonic plague would be the most likely presentation in the

event of a biological attack.

Naturally-occurring plague is a disease primarily affecting rodents. Transmission between

rodents is via infected fleas. Transmission to humans can occur by respiratory droplets from

rodents, from other infected animals/materials to humans or from human to human. In the

United States, transmission to humans has been primarily from the bites of fleas from

infected rodents. Less frequently, infection is caused by direct contact with body fluids or

tissues while handling an infected animal. Currently in the United States, infected cats are

the only source of primary pneumonic plague for humans, since persons who develop

secondary plague pneumonia usually receive appropriate isolation and treatment before

secondary transmission can occur.

Human plague has been reported most often from the four western states of New Mexico,

Arizona, Colorado and California. In the United States, 341 cases of human plague were

reported during 1970-1995; the overwhelming majority of cases were bubonic plague.

Since primary pneumonic plague can be transmitted from person to person, patients

with compatible clinical symptoms should be placed in respiratory isolation.

 III. Significance as a Potential Bioterrorist Agent

 o Could be released as an aerosol during a bioterrorist attack
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 o Has been weaponized by both the United States, former Soviet Union and Japan.

Japan purportedly released plague over China during World War II.

 o Potential for secondary transmission is highest with pneumonic plague.

 o Aerosolized plague would cause pneumonic disease, with high mortality rates if

untreated.

 IV. Clinical Manifestations

During an act of bioterrorism, release of an aerosol will be the most likely method of

dispersal, so that most patients will present with primary pneumonic plague.

A. Primary Pneumonic Plague

Incubation period - typically 1-3 days (ranges up to 7 days)

Symptoms - Patients exhibit acute and often fulminant onset of high fever, malaise,

headache, myalgias and cough with production of sputum that is initially watery,

before becoming bloody. Pneumonia rapidly progresses to dyspnea, stridor and

cyanosis. Patients may develop respiratory failure, shock and ecchymoses.

B. Primary Septicemic Plague

Incubation period - 1-7 days

Symptoms - Clinically resembles septicemia caused by other gram negative

bacteria. Patients are febrile and often have chills, headache, malaise and

gastrointestinal disturbances. May progress rapidly to septic shock, consumptive

coagulopathy, meningitis and coma. Patients may develop secondary plague

pneumonia.

C. Bubonic Plague

Incubation period - 2-7 days

Symptoms - Patients develop fever, headache, chills and swollen, extremely painful

lymph nodes (buboes). Nausea, vomiting and diarrhea are common. Swollen nodes

typically involve the nodes that drain the site of initial infection. Patients generally do

not have overlying skin lesions. Patients may develop secondary septicemic plague

or secondary plague pneumonia.
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 V. Laboratory Diagnosis

Laboratory work must be done in Biosafety Level 2 facilities. If plague is

suspected, please call the Placer County Public Health Laboratory at (530) 889-

7205 to arrange for submission of specimens for testing and/or confirmation at the

state Microbial Diseases Laboratory. After hours, please call Placer County Health

Officer Richard J. Burton, M.D., M.P.H.,at (530) 889-7119.

The diagnosis of plague may be suspected based on characteristic findings on microscopic

staining of appropriate body fluids and confirmed by immunofluorescent staining for the

capsule or bacterial culture. Serology is generally used retrospectively to confirm suspect

cases.

 o Staining of Specimens

 � Appropriate clinical specimens include: blood, bubo aspirates, sputum, CSF

(if signs/symptoms of meningitis) and skin scrapings (if a lesion is present).

 � Gram stain: polymorphonuclear leukocytes and bipolar staining, "safety-pin"

ovoid, gram-negative cocco-bacilli identified in bubo aspirate, sputum or CSF

are highly suggestive of plague.

 � Wayson stain: Yersinia pestis appears as light blue bacilli with dark blue

polar bodies on a contrasting pink ground.

 � Immunofluorescent staining of capsule (F1): A positive finding is

diagnostic. Must use fresh specimens to avoid false negatives. This test is

available only at reference laboratories.

 o Bacterial cultures

Blood, bubo aspirates, sputum, CSF and skin scrapings can be cultured.

Materials should be inoculated into blood and MacConkey agar plates and infusion

broth. It generally takes 2 days to identify visible colonies. Rapid biochemical
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identification systems may not be reliable for identification due to slower growth rate

of Y. pestis.

 o Serologic Testing

Several serologic tests are available including a passive hemagglutination test

(CDC). A fourfold or greater rise is diagnostic, a single titre of > 1:16 in someone

without prior immunization against plague is suggestive. Serology is not useful for

rapid diagnosis.

 VI. Handling Laboratory Specimens

Laboratory staff handling specimens from persons who are suspected of having plague

should follow Biosafety Level 2 precautions. Staff must wear surgical gloves, protective

gowns and shoe covers. Laboratory tests should be performed in Biological Safety Level 2

cabinets, and blood cultures should be maintained in a closed system. Every effort should

be made to avoid splashing or creating an aerosol, and protective eye wear and masks

should be worn if work cannot be done in a Biological Safety Level 2 cabinet.

Laboratories working with a large amount of organism or doing studies on antibiotic

resistant strains should use Biological Safety Level 3 cabinets. A full-face mask respirator

with a HEPA (high efficiency particulate air) filter is an acceptable but cumbersome

alternative to masks and protective eye wear.

Accidental spills of potentially contaminated material should be decontaminated

immediately by covering liberally with a disinfectant solution (0.1% sodium hypochlorite or

sodium hydroxide (0.1N)). All biohazardous waste should be decontaminated by

autoclaving. Contaminated equipment or instruments may be decontaminated with a

hypochlorite solution, hydrogen peroxide, peracetic acid, 1% glutaraldehyde solution,

formaldehyde, ethylene oxide, copper irradiation, or other O.S.H.A. approved solutions, or

by autoclaving or boiling for 10 minutes.

 VII. Treatment

Supportive care combined with the rapid administration of parenteral antibiotics are

the keys to successful management of plague. Plague pneumonia is almost always

fatal if antibiotics are not begun within 24 hours of onset of symptoms.

 o Recommended Antibiotics

The drug of choice for primary pneumonic plague is streptomycin [30 mg /kg/day

administered by intramuscular injection every 12 hours (15 mg/kg) for 10 days].
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However, since streptomycin may be in short supply, Gentamicin [1.7 mg/kg every

8 hours intravenously or intramuscularly for 10 days] and doxycycline [200mg

intravenous loading dose, followed by 100mg IV every 12 hours for 10-14 days] are

alternative agents.

Chloramphenicol should be used for plague meningitis due to its better CNS

penetration [loading dose of 25 mg/kg intravenously followed by 50-75 mg/kg/day

divided into four equal doses; continue for 10 days after clinical improvement].

Antibiotic choice may need to be altered as susceptibility information

becomes available.

 o Alternative Antibiotics

Ciprofloxacin [400 mg intravenously every 12 hours], Levofloxacin [500 mg

intravenously every 24 hours], and Ofloxacin [400 mg orally every 12 hours] are

acceptable alternative agents. The efficacy of quinolones in humans has not been

formally evaluated.

Bactrim [ 1 double-strength tablet orally every 12 hours or its intravenous

equivalent] may also be efficacious based on animal and in vitro studies.

Much less effective drugs (do not use unless all other alternatives are unavailable)

include: rifampin, aztreonam, ampicillin, ceftazadime, cefotetan and cefazolin.

 o Supportive therapy - Supportive care is essential, including intravenous fluids and

hemodynamic monitoring.

 o Therapy in pediatric patients

First-line agents: streptomycin [15 mg/kg intramuscularly every 12 hours] or

gentamicin [1.7 mg/kg intramuscularly or intravenously every 8 hours].

Alternatively: If > or = 8 years of

age

- Doxycycline [100 mg intravenously or orally

every

12 hours if > 45 kg; 2.2mg/kg intravenously

or orally

every 12 hours if < 45 kg],

If < 8 years of age - Co-trimoxazole [4 mg/kg orally or

intravenously

every 12 hours].
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 o Newborns up to age 2 months, ciprofloxacin 10-20 mg/kg intravenously or orally

twice daily, do not exceed 1 gram/day.

 o Therapy in pregnant women - Avoid streptomycin in pregnancy due to its

association with irreversible deafness in children exposed in utero. Gentamicin can

be used (1.7 mg/kg every 8 hours). Bactrim DS [1 tablet twice daily or its I.V.

equivalent] is the preferred therapy for pregnant women, except at term, when

a fluoroquinolone (Ciprofloxacin 500 orally or intravenously every 12 hours) is

preferred. If worsening illness, add a tetracycline agent as the benefits outweigh the

risks. (NOTE: Liver function tests should be monitored due to potential

hepatotoxicity with tetracycline use during pregnancy.)

 VIII. Isolation of Patients

Pneumonic plague can be spread from person-to-person by droplet transmission (coughing,

sneezing). All staff should observe Standard Precautions when caring for patients with

suspected or confirmed plague. Patients with pneumonic plague should be placed on

strict respiratory isolation with Droplet Precautions until 48 hours of appropriate

antibiotics have been administered AND the patient is showing clinical improvement.

Droplet precautions require that the patient be placed in a private room and that persons

entering the patient room wear a surgical mask, especially when within three feet of the

patient. Negative pressure rooms are not indicated. Transmission can occur from plague

skin lesions (such as draining buboes or abscesses) to contacts; wound and skin

precautions should be followed if skin lesions are present.

Multiple patients with pneumonic plague may be cohorted as long as all patients are

receiving appropriate therapy.

 IX. Disposal of Infectious Waste

Use of tracking forms, containment, storage, packaging, treatment and disposal methods

should be based upon the same rules as all other regulated medical wastes.

 X. Autopsy and Handling of Corpses

All postmortem procedures are to be performed using Universal Precautions. Efforts

should be made to avoid aerosolization.

 o All persons performing or assisting in postmortem procedures must wear mandated

P.P.E. (personal protective equipment) as delineated by O.S.H.A. guidelines.
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 o Instruments should be autoclaved or sterilized with a 10% bleach solution or other

solutions approved by O.S.H.A. Surfaces contaminated during postmortem

procedures should be decontaminated with an appropriate chemical germicide such

as 10% hypochlorite or 5% phenol (carbolic acid).

 XI. Management of Exposed Persons

An exposed person is defined as a person who has been exposed to aerosolized Yersinia

pestis or has been in close physical contact with a confirmed case-patient (contact at less

than 2 meters during a period when the case was symptomatic and before the case had

received 48 hours of antibiotic therapy). Household contacts and healthcare worker

contacts should be considered exposed and should receive prophylaxis.

Antibiotics: All antibiotic therapy should continue for 7 days from last exposure to

the case. Decisions on antibiotic therapy should be based on susceptibility results.

Non-pregnant Adult Post-Exposure Prophylaxis

Tetracycline 500 mg every 6 hours, orally

Doxycycline 100 mg every 12 hours, orally

Ciprofloxacin 500 mg every 12 hours, orally

Ofloxacin 400 mg every 12 hours, orally

Levofloxacin 500 mg every 24 hours, orally

Alternative Therapy

Trimethoprim/sulfamethoxazole 40 mg/kg/day in 2 equal doses at 12 hour intervals,

orally.

Pediatric Post-Exposure Prophylaxis - Co-trimoxazole is the preferred antibiotic, or when

benefits outweigh the risks, consider use of doxycycline or fluoroquinolones.

If > or = 8 years of age: Doxycycline: If > or = 45 kg - 100 mg orally

every 12 hours

If < 45 kg - 2.2 mg/kg orally every

12 hours

If < 8 years of age: Co-trimoxazole 4 mg/kg orally every 12 hours

Chloramphenicol 25 mg/kg orally every 12 hours

Newborns up to age 2

months:

Ciprofloxacin 10-20 mg/kg orally twice daily,

do not exceed 1 gram/day.



Last Revised 10/19/01

Pregnant Women Post-Exposure Prophylaxis - Co-trimoxazole [1 DS tablet orally twice

daily], is the preferred antibiotic, except at term, when the risk of kernicteris is greatest --

use fluoroquinolones [ciprofloxacin 500 mg orally twice daily]

 XII. Reporting to the Health Department

Plague is a reportable disease in California. All suspect cases should be immediately

reported by telephone:

 I. During business hours

Placer County Health and Human Services, Communicable Disease Control at

(530)-889-7141

 II. After business hours

Health Officer Richard J. Burton, M.D., M.P.H., at (530) 889-7119

 III. In the event that you are unable to reach a Communicable Disease

Control Contact, please call the Placer County Office of Emergency Services at

(530) 886-5300 or the 24-hour dispatch at (530) 886-5375
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BOTULISM

ALL SUSPECT CASES OF BOTULISM MUST BE REPORTED IMMEDIATELY TO THE  HEALTH
AND HUMAN SERVICES COMMUNICABLE DISEASE CONTROL:

During business hours: (530) 889-7141
After hours (Health Officer Richard J. Burton, M.D., M.P.H.): (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the
Placer County Office of Emergency Services at (530) 886-5300 during business hours, or 24-hour

dispatch at (530) 886-5375 after business hours.)

Epidemiology:

•  Botulism neurotoxins (A-F) could be transmitted by aerosol or contamination of
food and water supplies

•  Botulism is not transmitted from person to person

Clinical:
•  Incubation period is 12-36 hours (can be several days)
•  Early symptoms include blurred vision, diplopia, and dry mouth
•  Later symptoms include dysarthria, dysphagia, dysphonia, ptosis and the development of

a symmetrical, descending progressive paralysis and respiratory failure
•  Patients are usually alert and afebrile

Laboratory Diagnosis:
•  Diagnosis is primarily based on a compatible clinical presentation
•  Spinal protein is normal and characteristic findings are seen on EMG (facilitation of the

compound muscle action potential on repetitive nerve stimulation)
•  Toxin can be detected in serum (collect 30 cc in red top) and stool (foodborne botulism)

by mouse neutralization bioassay performed at California Microbial Diseases Laboratory.
•  Contact the Placer County Public Health Laboratory for assistance.

Patient Isolation:
•  Standard precautions. Patients do not require isolation rooms.

Treatment:
•  Supportive care is the mainstay of therapy; prolonged ventilatory support is often

required in severe cases
•  Botulism anti-toxin (for A, B and E toxins) is in limited supply and is available only from

the Division of Communicable Disease Control, California Dept of Health Services.
Contact Placer County Communicable Disease Control for assistance.

Prophylaxis:
•  Currently, there is no available post-exposure prophylaxis
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THIS IS THE FOURTH ARTICLE IN A

series entitled Medical and Pub-
lic Health Management Follow-
ing the Use of a Biological

Weapon: Consensus Statements of The
Working Group on Civilian Biode-
fense.1-3 This article is the only one in the
series to feature a biological toxin rather
than a replicating agent. Botulinum toxin
poses a major bioweapon threat be-
cause of its extreme potency and lethal-
ity; its ease of production, transport, and
misuse; and the need for prolonged in-
tensive care among affected persons.4,5

An outbreak of botulism constitutes a
medical emergency that requires prompt
provision of botulinum antitoxin and,
often, mechanical ventilation, and it con-

stitutes a public health emergency that
requires immediate intervention to pre-
vent additional cases. Timely recogni-
tion of a botulism outbreak begins with
an astute clinician who quickly notifies
public health officials.

Botulinum toxin is the most poison-
ous substance known.6,7 A single gram
of crystalline toxin, evenly dispersed and
inhaled, would kill more than 1 million
people, although technical factors would
make such dissemination difficult. The
basis of the phenomenal potency of botu-
linum toxin is enzymatic; the toxin is a
zinc proteinase that cleaves 1 or more of
the fusion proteins by which neuronal

vesicles release acetylcholine into the
neuromuscular junction.8

It is regrettable that botulinum toxin
still needs to be considered as a bio-
weapon at the historic moment when
it has become the first biological toxin
to become licensed for treatment of hu-
man disease. In the United States, botu-
linum toxin is currently licensed for
treatment of cervical torticollis, stra-
bismus, and blepharospasm associ-

Author Affiliations are listed at the end of this article.
Corresponding Author and Reprints: Stephen S.
Arnon, MD, Infant Botulism Treatment and Preven-
tion Program, California Department of Health Ser-
vices, 2151 Berkeley Way, Room 506, Berkeley, CA
94704 (e-mail: sarnon@dhs.ca.gov).

Objective The Working Group on Civilian Biodefense has developed consensus-
based recommendations for measures to be taken by medical and public health profes-
sionals if botulinum toxin is used as a biological weapon against a civilian population.

Participants The working group included 23 representatives from academic, gov-
ernment, and private institutions with expertise in public health, emergency manage-
ment, and clinical medicine.

Evidence The primary authors (S.S.A. and R.S.) searched OLDMEDLINE and
MEDLINE (1960–March 1999) and their professional collections for literature con-
cerning use of botulinum toxin as a bioweapon. The literature was reviewed, and opin-
ions were sought from the working group and other experts on diagnosis and man-
agement of botulism. Additional MEDLINE searches were conducted through April 2000
during the review and revisions of the consensus statement.

Consensus Process The first draft of the working group’s consensus statement was
a synthesis of information obtained in the formal evidence-gathering process. The work-
ing group convened to review the first draft in May 1999. Working group members
reviewed subsequent drafts and suggested additional revisions. The final statement
incorporates all relevant evidence obtained in the literature search in conjunction with
final consensus recommendations supported by all working group members.

Conclusions An aerosolized or foodborne botulinum toxin weapon would cause acute
symmetric, descending flaccid paralysis with prominent bulbar palsies such as diplo-
pia, dysarthria, dysphonia, and dysphagia that would typically present 12 to 72 hours
after exposure. Effective response to a deliberate release of botulinum toxin will de-
pend on timely clinical diagnosis, case reporting, and epidemiological investigation.
Persons potentially exposed to botulinum toxin should be closely observed, and those
with signs of botulism require prompt treatment with antitoxin and supportive care
that may include assisted ventilation for weeks or months. Treatment with antitoxin
should not be delayed for microbiological testing.
JAMA. 2001;285:1059-1070 www.jama.com
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ated with dystonia. It is also used “off
label” for a variety of more prevalent
conditions that include migraine head-
ache, chronic low back pain, stroke,
traumatic brain injury, cerebral palsy,
achalasia, and various dystonias.9-13

CONSENSUS METHODS
The working group included 23 repre-
sentatives from academic, government,
and private institutions with expertise in
public health, emergency management,
and clinical medicine. The 2 primary au-
thors (S.S.A. and R.S.) conducted a lit-
erature search on use of botulinum toxin
as a bioweapon. The OLDMEDLINE and
MEDLINE databases were queried for all
articles published between January 1960
and March 1999 that contained words
referring to biological warfare (bioter-
rorism, biowarfare, terrorism, war, war-
fare, and weapon) in combination with
terms related to Clostridium botulinum
(bacillus, botulin, botulinal, botulinum,
botulinus, botulism, clostridia, clos-
tridial, and Clostridium). The articles
identified in the databases were fully re-
viewed. In addition, published and un-
published articles, books, monographs,
and special reports in the primary au-
thors’ collections were reviewed. Addi-
tional MEDLINE searches were con-
ducted through April 2000 during the
review and revisions of the consensus
statement.

The first draft of the consensus state-
ment was a synthesis of information ob-
tained in the formal evidence-gathering
process. Members of the working group
provided written and oral comments
about the first draft at their meeting in
May 1999. Working group members
then reviewed subsequent drafts and sug-
gested additional revisions. The final
statement incorporates all relevant evi-
dence obtained in the literature search
in conjunction with final consensus rec-
ommendations supported by all work-
ing group members.

The assessment and recommenda-
tions provided herein represent the best
professional judgment of the working
group based on currently available data
and expertise. These conclusions and
recommendations should be regularly

reassessed as new information be-
comes available.

HISTORY OF CURRENT THREAT
Terrorists have already attempted to use
botulinum toxin as a bioweapon. Aero-
sols were dispersed at multiple sites in
downtown Tokyo, Japan, and at US mili-
tary installations in Japan on at least 3
occasions between 1990 and 1995 by the
Japanese cult Aum Shinrikyō. These at-
tacks failed, apparently because of faulty
microbiological technique, deficient
aerosol-generating equipment, or inter-
nal sabotage. The perpetrators obtained
their C botulinum from soil that they had
collected in northern Japan.14,15

Development and use of botulinum
toxin as a possible bioweapon began at
least 60 years ago.16,17 The head of the
Japanese biological warfare group (Unit
731) admitted to feeding cultures of C
botulinum to prisoners with lethal ef-
fect during that country’s occupation
of Manchuria, which began in the
1930s.18 The US biological weapons
program first produced botulinum toxin
during World War II. Because of con-
cerns that Germany had weaponized
botulinum toxin, more than 1 million
doses of botulinum toxoid vaccine were
made for Allied troops preparing to in-
vade Normandy on D-Day.19,20 The US
biological weapons program was ended
in 1969-1970 by executive orders of
Richard M. Nixon, then president. Re-
search pertaining to biowarfare use of
botulinum toxin took place in other
countries as well.21

Although the 1972 Biological and
Toxin Weapons Convention prohib-
ited offensive research and production
of biological weapons, signatories Iraq
and the Soviet Union subsequently pro-
duced botulinum toxin for use as a
weapon.22,23 Botulinum toxin was 1 of
several agents tested at the Soviet site
Aralsk-7 on Vozrozhdeniye Island in the
Aral Sea.23,24 A former senior scientist of
the Russian civilian bioweapons pro-
gram reported that the Soviets had at-
tempted splicing the botulinum toxin
gene from C botulinum into other bacte-
ria.25 With the economic difficulties in
Russia after the demise of the Soviet

Union, some of the thousands of scien-
tists formerly employed by its bioweap-
ons program have been recruited by na-
tions attempting to develop biological
weapons.25,26 Four of the countries listed
by the US government as “state spon-
sors of terrorism” (Iran, Iraq, North Ko-
rea, and Syria)27 have developed, or are
believed to be developing, botulinum
toxin as a weapon.28,29

After the 1991 Persian Gulf War, Iraq
admitted to the United Nations inspec-
tion team to having produced 19000 L
of concentrated botulinum toxin, of
which approximately 10000 L were
loaded into military weapons.22,30 These
19000 L of concentrated toxin are not
fully accounted for and constitute ap-
proximately 3 times the amount needed
to kill the entire current human popu-
lation by inhalation. In 1990, Iraq de-
ployed specially designed missiles with
a 600-km range; 13 of these were filled
with botulinum toxin, 10 with afla-
toxin, and 2 with anthrax spores. Iraq
also deployed special 400-lb (180-kg)
bombs for immediate use; 100 bombs
contained botulinum toxin, 50 con-
tained anthrax spores, and 7 con-
tained aflatoxin.22,30 It is noteworthy that
Iraq chose to weaponize more botuli-
num toxin than any other of its known
biological agents.

Some contemporary analyses dis-
count the potential of botulinum toxin
as a bioweapon because of constraints
in concentrating and stabilizing the
toxin for aerosol dissemination. How-
ever, these analyses pertain to military
uses of botulinum toxin to immobi-
lize an opponent (William C. Patrick,
unpublished data, 1998). In contrast,
deliberate release of botulinum toxin in
a civilian population would be able to
cause substantial disruption and dis-
tress. For example, it is estimated that
a point-source aerosol release of botu-
linum toxin could incapacitate or kill
10% of persons within 0.5 km down-
wind (William C. Patrick, unpub-
lished data, 1998). In addition, terror-
ist use of botulinum toxin might be
manifested as deliberate contamina-
tion of food. Misuse of toxin in this
manner could produce either a large
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botulism outbreak from a single meal
or episodic, widely separated out-
breaks.31 In the United States, the Cen-
ters for Disease Control and Preven-
tion (CDC) maintains a well-established
surveillance system for human botu-
lism based on clinician reporting that
would promptly detect such events.32

MICROBIOLOGY AND
VIRULENCE FACTORS
Clostridium botulinum is a spore-
forming, obligate anaerobe whose natu-
ral habitat is soil, from which it can be
isolated without undue difficulty. The
species C botulinum consists of 4 geneti-
cally diverse groups that would not oth-
erwise be designated as a single species
except for their common characteristic
of producing botulinum toxin.33,34 Botu-
linum toxin exists in 7 distinct anti-
genic types that have been assigned the
letters A through G. The toxin types are
defined by their absence of cross-
neutralization (eg, anti-A antitoxin does
notneutralize toxintypesB-G).Thetoxin
types also serve as convenient epidemio-
logical markers. In addition to C botuli-
num,uniquestrainsofClostridiumbaratii
and Clostridium butyricum have the
capacity toproducebotulinumtoxin.35-37

Botulinumtoxin isasimpledichainpoly-
peptide that consists of a 100-kd “heavy”
chain joined by a single disulfide bond
to a 50-kd “light” chain; its 3-dimen-
sional structure was recently resolved to
3.3 A.38 The toxin’s light chain is a Zn++-
containing endopeptidase that blocks
acetylcholine-containing vesicles from
fusingwiththeterminalmembraneof the
motorneuron, resulting in flaccidmuscle
paralysis (FIGURE 1).8

The lethaldoseofbotulinumtoxin for
humans is not known but can be esti-
mated fromprimate studies.Byextrapo-
lation, the lethal amounts of crystalline
type A toxin for a 70-kg human would
be approximately 0.09-0.15 µg intrave-
nouslyor intramuscularly, 0.70-0.90µg
inhalationally, and 70 µg orally.10,39-41

Therapeuticbotulinumtoxinrepresents
an impractical bioterrorist weapon be-
causeavialof thetypeApreparationcur-
rently licensed in the United States con-
tains only about 0.3% of the estimated

human lethal inhalational dose and
0.005%of theestimated lethaloraldose.

PATHOGENESIS AND CLINICAL
MANIFESTATIONS
Three forms of naturally occurring hu-
man botulism exist: foodborne, wound,
and intestinal (infant and adult). Fewer

than 200 cases of all forms of botulism
are reported annually in the United
States.42 All forms of botulism result
from absorption of botulinum toxin into
the circulation from either a mucosal
surface (gut, lung) or a wound. Botu-
linum toxin does not penetrate intact
skin. Wound botulism and intestinal

Figure 1. Mechanism of Action of Botulinum Toxin
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A, Release of acetylcholine at the neuromuscular junction is mediated by the assembly of a synaptic fusion com-
plex that allows the membrane of the synaptic vesicle containing acetylcholine to fuse with the neuronal cell mem-
brane. The synaptic fusion complex is a set of SNARE proteins, which include synaptobrevin, SNAP-25, and syn-
taxin. After membrane fusion, acetylcholine is released into the synaptic cleft and then bound by receptors on the
muscle cell.
B, Botulinum toxin binds to the neuronal cell membrane at the nerve terminus and enters the neuron by endocy-
tosis. The light chain of botulinum toxin cleaves specific sites on the SNARE proteins, preventing complete assem-
bly of the synaptic fusion complex and thereby blocking acetylcholine release. Botulinum toxins types B, D, F, and
G cleave synaptobrevin; types A, C, and E cleave SNAP-25; and type C cleaves syntaxin. Without acetylcholine
release, the muscle is unable to contract.
SNARE indicates soluble NSF-attachment protein receptor; NSF, N-ethylmaleimide-sensitive fusion protein; and
SNAP-25, synaptosomal-associated protein of 25 kd.
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botulism are infectious diseases that re-
sult from production of botulinum
toxin by C botulinum either in devital-
ized (ie, anaerobic) tissue43 or in the in-
testinal lumen,37 respectively. Neither
would result from bioterrorist use of
botulinum toxin.

A fourth, man-made form that re-
sults from aerosolized botulinum toxin
is inhalational botulism. This mode of
transmission has been demonstrated ex-
perimentally in primates,39 has been at-
temptedbybioterrorists,14,15 andhasbeen
the intended outcome of at least 1 coun-
try’s specially designed missiles and ar-
tillery shells.22,30 Inhalational botulism
has occurred accidentally in humans. A
brief report from West Germany in 1962
described 3 veterinary personnel who
were exposed to reaerosolized botuli-
num toxin while disposing of rabbits and
guinea pigs whose fur was coated with
aerosolized typeAbotulinumtoxin.Type
A botulinum toxin was detected in se-
rum samples from all 3 affected indi-
viduals.21

Once botulinum toxin is absorbed, the
bloodstream carries it to peripheral cho-
linergic synapses, principally, the neu-
romuscular junction, where it binds ir-
reversibly. The toxin is then internalized
and enzymatically blocks acetylcholine

release (Figure 1). Accordingly, all forms
of human botulism display virtually iden-
tical neurologic signs. However, the neu-
rologic signs in naturally occurring food-
borne botulism may be preceded by
abdominal cramps, nausea, vomiting, or
diarrhea.44 These gastrointestinal symp-
toms are thought to be caused by other
bacterial metabolites also present in the
food33 and may not occur if purified botu-
linum toxin is intentionally placed in
foods or aerosols.

Botulism is an acute, afebrile, sym-
metric, descending flaccid paralysis that
always begins in bulbar musculature. It
is not possible to have botulism with-
out having multiple cranial nerve pal-
sies. Disease manifestations are similar
regardlessofbotulinumtoxintype.How-
ever, the extent and pace of paralysis
may vary considerably among patients.
Some patients may be mildly affected
(FIGURE 2), while others may be so para-
lyzed that they appear comatose and
require months of ventilatory support.
The rapidity of onset and the severity of
paralysis depend on the amount of toxin
absorbed into the circulation. Recovery
results from new motor axon twigs that
sprout to reinnervate paralyzed muscle
fibers, a process that, in adults, may take
weeks or months to complete.45,46

Patients with botulism typically
present with difficulty seeing, speak-
ing, and/or swallowing (TABLE 1 and
TABLE 2). Prominent neurologic find-
ings in all forms of botulism include
ptosis, diplopia, blurred vision, often
enlarged or sluggishly reactive pupils,
dysarthria, dysphonia, and dyspha-
gia.5,44,47,48 The mouth may appear dry
and the pharynx injected because of pe-
ripheral parasympathetic cholinergic
blockade. Sensory changes are not ob-
served except for infrequent circum-
oral and peripheral paresthesias from
hyperventilation as a patient becomes
frightened by onset of paralysis.

As paralysis extends beyond bulbar
musculature, loss of head control, hy-

Figure 2. Seventeen-Year-Old Patient With Mild Botulism

A B

A, Patient at rest. Note bilateral mild ptosis, dilated pupils, disconjugate gaze, and symmetric facial muscles.
B, Patient was requested to perform his maximum smile. Note absent periorbital smile creases, ptosis, discon-
jugate gaze, dilated pupils, and minimally asymmetric smile. As an indication of the extreme potency of botu-
linum toxin, the patient had 40 × 10−12g/mL of type A botulinum toxin in his serum (ie, 1.25 mouse units/mL)
when these photographs were taken.

Table 1. Symptoms and Signs of Foodborne
Botulism, Types A and B*

Cases, %

Symptoms
Fatigue 77
Dizziness 51

Double vision 91
Blurred vision 65

Dysphagia 96
Dry mouth 93
Dysarthria 84
Sore throat 54

Dyspnea 60

Constipation 73
Nausea 64
Vomiting 59
Abdominal cramps 42
Diarrhea 19

Arm weakness 73
Leg weakness 69
Paresthesia 14

Signs
Alert mental status 90

Ptosis 73
Gaze paralysis 65
Pupils dilated or fixed 44
Nystagmus 22

Facial palsy 63

Diminished gag reflex 65
Tongue weakness 58

Arm weakness 75
Leg weakness 69
Hyporeflexia or areflexia 40
Ataxia 17

*Data are from outbreaks of botulism reported in the United
States in 1973-1974. The number of patients with avail-
able data varied from 35 to 55. Adapted from Hughes
et al44 with permission.
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potonia, and generalized weakness be-
come prominent. Dysphagia and loss of
the protective gag reflex may require
intubation and, usually, mechanical
ventilation. Deep tendon reflexes may
be present initially but diminish or
disappear in the ensuing days, and con-
stipation may occur. In untreated per-
sons, death results from airway ob-
struction (pharyngeal and upper airway
muscle paralysis) and inadequate tidal
volume (diaphragmatic and accessory
respiratory muscle paralysis).

Because botulism is an intoxication,
patients remain afebrile unless they also
have acquired a secondary infection (eg,
aspiration pneumonia). The toxin does
not penetrate brain parenchyma, so pa-
tients are not confused or obtunded.
However, they often appear lethargic and
have communication difficulties be-
cause of bulbar palsies (Figure 2). Botu-
lism may be recognized by its classic
triad: (1) symmetric, descending flac-
cid paralysis with prominent bulbar pal-
sies in (2) an afebrile patient with (3) a
clear sensorium. The prominent bul-
bar palsies can be summarized in part
as “4 Ds”: diplopia, dysarthria, dyspho-
nia, and dysphagia.

EPIDEMIOLOGY
Early recognition of outbreaks of botu-
lism, whether natural or intentional, de-
pends on heightened clinical suspi-
cion. Aerosol dissemination may not be
difficult to recognize because a large
number of cases will share a common
temporal and geographical exposure
and will lack a common dietary expo-
sure. However, identification of the
common exposure site initially may be
difficult because of the mobility of per-
sons exposed during the incubation pe-
riod. Botulism and botulinum toxin are
not contagious and cannot be trans-
mitted from person to person. In con-
trast, a microbe intentionally modi-
fied to produce botulinum toxin might
be contagious.

No instances of waterborne botu-
lism have ever been reported.42,49,50 Al-
though the potency of botulinum toxin
has led to speculation that it might be
used to contaminate a municipal wa-

ter supply, this scenario is unlikely for
at least 2 reasons.51 First, botulinum
toxin is rapidly inactivated by stan-
dard potable water treatments (eg, chlo-
rination, aeration).52 Second, because
of the slow turnover time of large-
capacity reservoirs, a comparably large
(and technically difficult to produce and
deliver) inoculum of botulinum toxin
would be needed.53 In contrast with
treated water, botulinum toxin may be
stable for several days in untreated wa-
ter or beverages.52,54 Hence, such items
should be investigated in a botulism
outbreak if no other vehicle for toxin
can be identified.

If food were deliberately used as a ve-
hicle for the toxin, the outbreak would
need to be distinguished from natu-
rally occurring foodborne botulism. Dur-
ing the past 20 years, the epidemiology
of foodborne botulism has expanded be-
yond its traditional association with
home-preserved foods and now in-
cludes nonpreserved foods and public
eating places,47 features that could make
terrorist use of botulinum toxin more
difficult to detect. Characteristics of out-
breaks of botulism include:

Incubation Period
The rapidity of onset and severity of
botulism depend on the rate and amount
of toxin absorption. Symptoms of food-

borne botulism may begin as early as 2
hours or as long as 8 days after inges-
tion of toxin.55,56 Typically, cases pre-
sent 12 to 72 hours after the implicated
meal. In 1 large foodborne outbreak, new
cases presented during the ensuing 3
days at a fairly even rate before decreas-
ing (FIGURE 3).57 The time to onset of
inhalational botulism cannot be stated
with certainty because so few cases are
known. Monkeys showed signs of botu-
lism 12 to 80 hours after aerosol expo-
sure to 4 to 7 multiples of the monkey
median lethal dose.39 The 3 known hu-
man cases of inhalational botulism had

Figure 3. Fifty-Nine Cases of Botulism, by
Interval Between Eating at a Restaurant and
Onset of First Neurologic Symptom—
Michigan, 1977
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Reproduced from Terranova et al57 with permission
of Oxford University Press.

Table 2. Symptoms and Signs of Inhalational Botulism in Order of Onset

Humans (n = 3)21 Monkeys (n = 9)39*

Third day after exposure 12-18 hours after exposure

Mucus in throat Mild muscular weakness

Difficulty swallowing solid food Intermittent ptosis

Dizziness Disconjugate gaze

Fourth day after exposure Followed by

Difficulty moving eyes Severe weakness of postural neck muscles

Mild pupillary dilation and nystagmus Occasional mouth breathing

Indistinct speech Serous nasal discharge

Unsteady gait Salivation, dysphagia

Extreme weakness Mouth breathing

Rales

Anorexia

Severe generalized weakness

Lateral recumbency

Second to fourth day after exposure

Death in some animals

*After exposure to 4 to 7 monkey median lethal doses of botulinum toxin. The time to onset and pace of paralysis were
dose-dependent. Adapted from Middlebrook and Franz48 with permission.
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onset of symptoms approximately 72
hours after exposure to an unknown but
probably small amount of reaerosol-
ized toxin.21

Age and Sex
Persons of all ages are potentially sus-
ceptible to botulism. There are no sex
differences in susceptibility.

Agent and Vehicles
Botulinum toxin in solution is colorless,
odorless, and, as far as is known, taste-
less. The toxin is readily inactivated by
heat ($85°C for 5 minutes).33,34,52 Thus,
foodborne botulism is always transmit-
ted by foods that are not heated, or not
heatedthoroughly,beforeeating.Almost
every type of food has been associated
withoutbreaksofbotulism,but themost
commonlyimplicatedfoodsintheUnited
States are vegetables, particularly “low-
acid” (ie, higher pH) vegetables such as
beans, peppers, carrots, and corn.42,50,58

A novel epidemiological develop-
ment is the occurrence of foodborne
botulism after eating various nonpre-
served foods in restaurants or delicates-
sens. Foil-wrapped baked potatoes are
now known to be capable of causing res-
taurant-associated foodborne botu-
lism59 when held at room temperature
after baking and then served plain,60 as
potato salad,61,62 or as a Mediterranean-
style dip.59 Other outbreaks that origi-
nated in restaurants resulted from con-
taminated condiments such as sautéed

onions,63 garlic in oil,64 and commercial
cheese sauce.65 Additional examples of
notable commercial foods that have
caused botulism outbreaks include in-
adequately eviscerated fish,66 yogurt,67

cream cheese,68 and jarred peanuts.69

Incidence and Outbreak Size
Naturally occurring foodborne botu-
lism is a rare disease. Approximately 9
outbreaks of foodborne botulism and
a median of 24 cases occur annually in
the United States.42,47 The mean out-
break size has remained constant over
the years at approximately 2.5 cases per
outbreak. The largest outbreak of food-
borne botulism in the United States in
the last 100 years occurred in Michi-
gan in 1977; 59 cases resulted from eat-
ing home-preserved jalapeño peppers
at a restaurant.57 However, only 45 of
the 59 patients had clinically evident
weakness and hypotonia.

Toxin Types
Of the 135 foodborne outbreaks in the
16 years from 1980 to 1996 in the United
States, the toxin types represented were:
type A, 54.1%; type B, 14.8%; type E,
26.7%; type F, 1.5%; and unknown,
3.0%.42 Type F foodborne outbreaks are
rare in the United States; a 1962 out-
break resulted from homemade veni-
son jerky,70 while other type F cases ac-
tually may have had intestinal botulism.71

Toxin types C and D cause botulism in

wildlife and domestic animals but have
not caused human foodborne disease.
However, humans are thought to be sus-
ceptible to these toxin types because they
have caused botulism in primates when
ingested.72-74 Toxin type G is produced
by a bacteria species discovered in South
American soil in 1969 that has never
caused recognized foodborne botu-
lism.75 Aerosol challenge studies in mon-
keys have established the susceptibility
of primates to inhaled botulinum toxin
types C, D, and G.48

Distribution
Although outbreaks of foodborne botu-
lism have occurred in almost all states,
more than half (53.8%) of the US out-
breaks have occurred in just 5 western
states (California,Washington,Oregon,
Colorado, and Alaska). East of the Mis-
sissippiRiver,60%of the foodborneout-
breaks have resulted from type B toxin,
while west of the Mississippi River, 85%
have resulted from type A toxin. In the
46 years between 1950 and 1996, 20
states, mainly in the eastern United
States, did not report any type A botu-
lism outbreaks, while 24 states, mostly
in the western United States, did not re-
port any type B outbreaks.42 In Canada
and Alaska, most foodborne outbreaks
resulted from type E toxin associated
with native Inuit and Eskimo foods.50,76

Bioterrorism Considerations
Any outbreak of botulism should bring
to mind the possibility of bioterror-
ism, but certain features would be par-
ticularly suggestive (BOX 1). The avail-
ability and speed of air transportation
mandate that a careful travel and ac-
tivity history, as well as a careful di-
etary history, be taken. Patients should
also be asked whether they know of
other persons with similar symptoms.
Absence of a common dietary expo-
sure among temporally clustered pa-
tients should suggest the possibility of
inhalational botulism.

DIAGNOSIS AND
DIFFERENTIAL DIAGNOSIS
Clinical diagnosis of botulism is con-
firmed by specialized laboratory test-

Box 1. Features of an Outbreak That Would Suggest a Deliberate
Release of Botulinum Toxin

Outbreak of a large number of cases of acute flaccid paralysis with prominent
bulbar palsies

Outbreak with an unusual botulinum toxin type (ie, type C, D, F, or G, or
type E toxin not acquired from an aquatic food)

Outbreak with a common geographic factor among cases (eg, airport, work
location) but without a common dietary exposure (ie, features suggestive of
an aerosol attack)

Multiple simultaneous outbreaks with no common source

Note: A careful travel and activity history, as well as dietary history, should
be taken in any suspected botulism outbreak. Patients should also be asked if
they know of other persons with similar symptoms.
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ing that often requires days to com-
plete. Routine laboratory test results are
usually unremarkable. Therefore, clini-
cal diagnosis is the foundation for early
recognition of and response to a bio-
terrorist attack with botulinum toxin.

Any case of suspected botulism rep-
resents a potential public health emer-
gency because of the possibility that a
contaminated food remains available
to others or that botulinum toxin has
been deliberately released. In these
settings, prompt intervention by civil
authorities is needed to prevent addi-
tional cases. Consequently, clinicians
caring for patients with suspected
botulism should notify their local
public health department and hospital
epidemiologist immediately to coordi-
nate shipment of therapeutic anti-
toxin, laboratory diagnostic testing,
and epidemiological investigation
(BOX 2). In most jurisdictions of the
United States, botulism suspected on
clinical grounds alone by law must be
reported immediately by telephone to
local public health authorities. The
attending clinician needs to be both
prompt and persistent in accomplish-
ing this notification.

Differential Diagnosis
Botulism is frequently misdiagnosed,
most often as a polyradiculoneuropa-
thy (Guillain-Barré or Miller-Fisher syn-
drome), myasthenia gravis, or a dis-
ease of the central nervous system
(TABLE 3). In the United States, botu-
lism is more likely than Guillain-Barré
syndrome, intoxication, or poliomyeli-
tis to cause a cluster of cases of acute flac-
cid paralysis. Botulism differs from other
flaccid paralyses in its prominent cra-
nial nerve palsies disproportionate to
milder weakness and hypotonia below
the neck, in its symmetry, and in its ab-
sence of sensory nerve damage.

A large, unintentional outbreak of
foodborne botulism caused by a res-
taurant condiment in Canada pro-
vides a cautionary lesson about the po-
tential difficulties in recognizing a
covert, intentional contamination of
food.64 During a 6-week period in which
the condiment was served, 28 persons

in 2 countries became ill, but all were
misdiagnosed (Table 3). The 28 were
identified retrospectively only after cor-
rect diagnoses in a mother and her 2
daughters who had returned to their
home more than 2000 miles away from

the restaurant. Four (14%) of the cases
had been misdiagnosed as having psy-
chiatric disease, including “factitious”
symptoms. It is possible that hysteri-
cal paralysis might occur as a conver-
sion reaction in the anxiety that would

Box 2. Clinicians Caring for Patients With Suspected Botulism
Should Immediately Contact Their:
(1) Hospital epidemiologist or infection control practitioner

and

(2) Local and state health departments

Consult your local telephone operator; the telephone directory under “gov-
ernment listings,” or the Internet at: http://www.cdc.gov/other.htm#states or
http://www.astho.org/state.html

If the local and state health departments are unavailable, contact the Centers
for Disease Control and Prevention: (404) 639-2206; (404) 639-2888 [after
hours].

Table 3. Selected Mimics and Misdiagnoses of Botulism*

Conditions
Features That Distinguish
Condition From Botulism

Common Misdiagnoses

Guillain-Barré syndrome† and its
variants, especially Miller-Fisher
syndrome

History of antecedent infection; paresthesias; often
ascending paralysis; early areflexia; eventual CSF
protein increase; EMG findings

Myasthenia gravis† Recurrent paralysis; EMG findings; sustained response
to anticholinesterase therapy

Stroke† Paralysis often asymmetric; abnormal CNS image

Intoxication with depressants
(eg, acute ethanol intoxication),
organophosphates, carbon
monoxide, or nerve gas

History of exposure; excessive drug levels detected in
body fluids

Lambert-Eaton syndrome Increased strength with sustained contraction; evidence
of lung carcinoma; EMG findings similar to botulism

Tick paralysis Paresthesias; ascending paralysis; tick attached to skin

Other Misdiagnoses

Poliomyelitis Antecedent febrile illness; asymmetric paralysis; CSF
pleocytosis

CNS infections, especially of the
brainstem

Mental status changes; CSF and EEG abnormalities

CNS tumor Paralysis often asymmetric; abnormal CNS image

Streptococcal pharyngitis (pharyngeal
erythema can occur in botulism)

Absence of bulbar palsies; positive rapid antigen test
result or throat culture

Psychiatric illness† Normal EMG in conversion paralysis

Viral syndrome† Absence of bulbar palsies and flaccid paralysis

Inflammatory myopathy† Elevated creatine kinase levels

Diabetic complications† Sensory neuropathy; few cranial nerve palsies

Hyperemesis gravidarum† Absence of bulbar palsies and acute flaccid paralysis

Hypothyroidism† Abnormal thyroid function test results

Laryngeal trauma† Absence of flaccid paralysis; dysphonia without bulbar
palsies

Overexertion† Absence of bulbar palsies and acute flaccid paralysis

*CSF indicates cerebrospinal fluid; EMG, electromyogram; CNS, central nervous system; and EEG, electroencepha-
logram.

†Misdiagnoses made in a large outbreak of botulism.64
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follow a deliberate release of botuli-
num toxin.

Diagnostic Testing
At present, laboratory diagnostic test-
ing for botulism in the United States
is available only at the CDC and
approximately 20 state and municipal
public health laboratories.42 The labo-
ratory should be consulted prospec-
tively about specimen collection and
processing. Samples used in diagnosis
of botulism include serum ($30 mL
of blood in “tiger”-top or red-top
tubes from adults, less from children),
stool, gastric aspirate, and, if available,
vomitus and suspect foods. Serum
samples must be obtained before
therapy with antitoxin, which nullifies
the diagnostic mouse bioassay. An
enema may be required to obtain an
adequate fecal sample if the patient is
constipated. Sterile water should be
used for this procedure because saline
enema solution can confound the
mouse bioassay. Gastric aspirates and,
perhaps, stool may be useful for
detecting inhaled aerosolized botuli-
num toxin released in a bioterrorist
attack.77 A list of the patient’s medica-
tions should accompany the diagnos-
tic samples because anticholinester-
ases, such as pyridostigmine bromide,
and other medicines that are toxic to
mice can be dialyzed from samples
before testing. All samples should be
kept refrigerated after collection.

The standard laboratory diagnostic
test for clinical specimens and foods is
the mouse bioassay,42 in which type-
specific antitoxin protects mice against
any botulinum toxin present in the
sample. The mouse bioassay can de-
tect as little as 0.03 ng of botulinum
toxin10 and usually yields results in 1
to 2 days (range, 6-96 hours). Fecal and
gastric specimens also are cultured an-
aerobically, with results typically avail-
able in 7 to 10 days (range, 5-21 days).
Toxin production by culture isolates is
confirmed by the mouse bioassay.

An electromyogram with repetitive
nerve stimulation at 20 to 50 Hz can
sometimes distinguish between causes
of acute flaccid paralysis.78,79 The char-

acteristic electromyographic findings of
botulism include normal nerve con-
duction velocity, normal sensory nerve
function, a pattern of brief, small-
amplitude motor potentials, and, most
distinctively, an incremental response
(facilitation) to repetitive stimulation
often seen only at 50 Hz. Immediate ac-
cess to electrophysiological studies may
be difficult to obtain in an outbreak of
botulism.

Additional diagnostic procedures may
be useful in rapidly excluding botulism
as the cause of paralysis (Table 3). Ce-
rebrospinal fluid (CSF) is unchanged in
botulism but is abnormal in many cen-
tral nervous system diseases. Although
the CSF protein level eventually is el-
evated in Guillain-Barré syndrome, it
may be normal early in illness. Imaging
of the brain, spine, and chest may re-
veal hemorrhage, inflammation, or neo-
plasm. A test dose of edrophonium chlo-
ride briefly reverses paralytic symptoms
in many patients with myasthenia gravis
and, reportedly, in some with botu-
lism.64 A close inspection of the skin, es-
pecially the scalp, may reveal an at-
tached tick that is causing paralysis.80

Other tests that require days for results
include stool culture for Campylobacter
jejuni as a precipitant of Guillain-Barré
syndrome and assays for the autoanti-
bodies that cause myasthenia gravis,
Lambert-Eaton syndrome, and Guillain-
Barré syndrome.

Foods suspected of being contami-
nated should be refrigerated until
retrieval by public health personnel.
The US Food and Drug Administra-
tion and the US Department of Agri-
culture can assist other public health
laboratories with testing of suspect
foods by using methods similar to those
applied to clinical samples.

THERAPY
The mortality and sequelae associated
with botulism have diminished with
contemporary therapy. In the United
States, the percentage of persons who
died of foodborne botulism decreased
from 25% during 1950-1959 to 6% dur-
ing 1990-1996, with a similar reduc-
tion for each botulinum toxin type.42

Despite this increase in survival, the pa-
ralysis of botulism can persist for weeks
to months with concurrent require-
ments for fluid and nutritional sup-
port, assisted ventilation, and treat-
ment of complications.

Therapy for botulism consists of sup-
portive care and passive immuniza-
tion with equine antitoxin. Optimal use
of botulinum antitoxin requires early
suspicion of botulism. Timely admin-
istration of passive neutralizing anti-
body will minimize subsequent nerve
damage and severity of disease but will
not reverse existent paralysis.81,82 An-
titoxin should be given to patients with
neurologic signs of botulism as soon as
possible after clinical diagnosis.47 Treat-
ment should not be delayed for micro-
biological testing. Antitoxin may be
withheld at the time of diagnosis if it
is certain that the patient is improving
from maximal paralysis.

In the United States, botulinum anti-
toxin is available from the CDC via state
and local health departments (Box 2).
The licensed trivalent antitoxin con-
tains neutralizing antibodies against
botulinum toxin types A, B, and E, the
most common causes of human botu-
lism. If another toxin type was inten-
tionally disseminated, patients could po-
tentiallybe treatedwithan investigational
heptavalent (ABCDEFG) antitoxin held
by the US Army.83 However, the time re-
quired for correct toxin typing and sub-
sequent administration of heptavalent
antitoxin would decrease the utility of
this product in an outbreak.

The dose and safety precautions for
equine botulinum antitoxin have
changed over time. Clinicians should re-
view the package insert with public
health authorities before using anti-
toxin. At present, the dose of licensed
botulinum antitoxin is a single 10-mL
vial per patient, diluted 1:10 in 0.9% sa-
line solution, administered by slow in-
travenous infusion. One vial provides be-
tween 5500 and 8500 IU of each type-
specific antitoxin. The amount of
neutralizing antibody in both the li-
censed and the investigational equine an-
titoxins far exceeds the highest serum
toxin levels found in foodborne botu-
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lism patients, and additional doses are
usually not required. If a patient has been
exposed to an unnaturally large amount
of botulinum toxin as a biological
weapon, the adequacy of neutralization
by antitoxin can be confirmed by retest-
ing serum for toxin after treatment.

There are few published data on the
safety of botulinum antitoxins. From
1967 to 1977, when the recommended
dose was larger than today, approxi-
mately 9% of recipients of equine botu-
linum antitoxin in the United States dis-
played urticaria, serum sickness, or other
reactions suggestive of hypersensitiv-
ity.84 Anaphylaxis occurred within 10
minutes of receiving antitoxin in 2% of
recipients. When the US Army’s inves-
tigational heptavalent antitoxin was
given to 50 individuals in a large Egyp-
tian outbreak of type E foodborne botu-
lism in 1991, 1 recipient (2%) dis-
played serum sickness, and 9 (18%) had
mild reactions.83 To screen for hyper-
sensitivity, patients are given small chal-
lenge doses of equine antitoxin before
receiving a full dose. Patients respond-
ing to challenge with a substantial wheal
and flare may be desensitized over 3 to
4 hours before additional antitoxin is
given. During the infusion of anti-
toxin, diphenhydramine and epineph-
rine should be on hand for rapid admin-
istration in case of adverse reaction.
Although both equine antitoxins have
been partially despeciated by enzy-
matic cleavage of the allogenic Fc re-
gion, each contains a small residual of
intact antibody that may sensitize re-
cipients to additional doses.

Botulism patients require support-
ive care that often includes feeding by
enteral tube or parenteral nutrition,
intensive care, mechanical ventila-
tion, and treatment of secondary infec-
tions. Patients with suspected botu-
lism should be closely monitored for
impending respiratory failure. In non-
ventilated infants with botulism, a
reverse Trendelenburg positioning with
cervical vertebral support has been help-
ful, but applicability of this position-
ing to adults with botulism remains
untested. This tilted, flat-body posi-
tioning with neck support may improve

ventilation by reducing entry of oral
secretions into the airway and by sus-
pending more of the weight of the
abdominal viscera from the dia-
phragm, thereby improving respira-
tory excursion (FIGURE 4). In con-
trast, placing a botulism patient in a
supine or semirecumbent position
(trunk flexed 45° at the waist) may
impede respiratory excursion and air-
way clearance, especially if the patient
is obese. The desired angle of the reverse
Trendelenburg position is 20° to 25°.

Botulism patients should be assessed
for adequacy of gag and cough reflexes,
control of oropharyngeal secretions, oxy-
gen saturation, vital capacity, and inspi-
ratory force. Airway obstruction or as-
pirationusuallyprecedeshypoventilation
in botulism. When respiratory function
deteriorates, controlled, anticipatory in-
tubation is indicated. The proportion of
patients with botulism who require me-
chanical ventilation has varied from 20%
in a foodborne outbreak64 to more than
60% in infant botulism.85 In a large out-
break of botulism, the need for mechani-
cal ventilators, critical care beds, and
skilled personnel might quickly exceed
local capacity and persist for weeks or
months. Development of a reserve stock-
pile of mechanical ventilators in the
United States is under way86 and will re-
quire a complement of staff trained in
their use.

Antibiotics have no known direct ef-
fect on botulinum toxin. However, sec-
ondary infections acquired during botu-
lism often require antibiotic therapy.
Aminoglycoside antibiotics and clin-
damycin are contraindicated because of
their ability to exacerbate neuromus-
cular blockade.87,88 Standard treat-
ments for detoxification, such as acti-
vated charcoal,89 may be given before
antitoxin becomes available, but there
are no data regarding their effective-
ness in human botulism.

SPECIAL POPULATIONS
Based on limited information, there is
no indication that treatment of chil-
dren, pregnant women, and immuno-
compromised persons with botulism
should differ from standard therapy.

Despite the risks of immediate hyper-
sensitivity and sensitization to equine
proteins, both children43,90 and preg-
nant women91,92 have received equine
antitoxin without apparent short-
term adverse effects. The risks to fe-
tuses of exposure to equine antitoxin
are unknown. Treatment with human-
derived neutralizing antibody would de-
crease the risk of allergic reactions
posed by equine botulinum antitoxin,
but use of the investigational product,
Botulism Immune Globulin Intrave-
nous (Human) (California Depart-
ment of Health Services, Berkeley), is
limited to suspected cases of infant
botulism.82,93

PROPHYLAXIS
Botulism can be prevented by the pres-
ence of neutralizing antibody in the
bloodstream. Passive immunity can be
provided by equine botulinum anti-
toxin or by specific human hyperim-
mune globulin, while endogenous im-
munity can be induced by immunization
with botulinum toxoid.

Use of antitoxin for postexposure pro-
phylaxis is limited by its scarcity and its
reactogenicity. Because of the risks of
equine antitoxin therapy, it is less cer-
tain how best to care for persons who
may have been exposed to botulinum
toxin but who are not yet ill. In a small

Figure 4. Preferred Positioning of
Nonventilated Botulism Patients

Tightly Rolled Cloth
for Cervical Support

Bumpers to Prevent
Downward Sliding

Rigid
Mattress
Support

Tilt

Note flat, rigid mattress tilted at 20°, tightly rolled cloth
to support cervical vertebrae, and bumpers to pre-
vent downward sliding. Use of this position may post-
pone or avoid the need for mechanical ventilation in
mildly affected patients because of improved respi-
ratory mechanics and airway protection.
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study of primates exposed to aerosol-
ized toxin in which supportive care was
not provided, all 7 monkeys given anti-
toxin after exposure but before the ap-
pearance of neurologic signs survived,
while 2 of 4 monkeys treated with anti-
toxin only after the appearance of neu-
rologic signs died.39 Moreover, all mon-
keys infused with neutralizing antibody
before exposure to toxin displayed no
signs of botulism. In a balance between
avoiding the potential adverse effects of
equine antitoxin and needing to rapidly
neutralize toxin, it is current practice in
foodborne botulism outbreaks to closely
monitor persons who may have been ex-
posed to botulinum toxin and to treat
them promptly with antitoxin at the first
signs of illness.47 To facilitate distribu-
tion of scarce antitoxin following the in-
tentional use of botulinum toxin, asymp-
tomatic persons who are believed to have
been exposed should remain under close
medical observation and, if feasible, near
critical care services.

In the United States, an investiga-
tional pentavalent (ABCDE) botuli-
num toxoid is distributed by the CDC
for laboratory workers at high risk of ex-
posure to botulinum toxin and by the
military for protection of troops against
attack.94 A recombinant vaccine is also
in development.95 The pentavalent tox-
oid has been used for more than 30 years
to immunize more than 3000 labora-
tory workers in many countries. Immu-
nization of the population with botuli-
num toxoid could in theory eliminate the
hazard posed by botulinum toxins A
through E. However, mass immuniza-
tion is neither feasible nor desirable for
reasons that include scarcity of the tox-
oid, rarity of natural disease, and elimi-
nation of the potential therapeutic ben-
efits of medicinal botulinum toxin.
Accordingly, preexposure immuniza-
tion currently is neither recommended
for nor available to the general popula-
tion. Botulinum toxoid induces immu-
nity over several months and, so, is in-
effective as postexposure prophylaxis.

DECONTAMINATION
Despite its extreme potency, botuli-
num toxin is easily destroyed. Heating

to an internal temperature of 85°C for
at least 5 minutes will detoxify con-
taminated food or drink.52 All foods sus-
pected of contamination should be
promptly removed from potential con-
sumers and submitted to public health
authorities for testing.

Persistence of aerosolized botuli-
num toxin at a site of deliberate re-
lease is determined by atmospheric con-
ditions and the particle size of the
aerosol. Extremes of temperature and
humidity will degrade the toxin, while
fine aerosols will eventually dissipate
into the atmosphere. Depending on the
weather, aerosolized toxin has been es-
timated to decay at between less than
1% to 4% per minute.96 At a decay rate
of 1% per minute, substantial inactiva-
tion ($13 logs) of toxin occurs by 2
days after aerosolization.

Recognitionof acovert releaseof finely
aerosolizedbotulinumtoxinwouldprob-
ably occur too late to prevent addi-
tional exposures. When exposure is an-
ticipated, some protection may be
conferred by covering the mouth and
nose with clothing such as an under-
shirt, shirt, scarf, or handkerchief.97 In
contrast with mucosal surfaces, intact
skin is impermeable to botulinum toxin.

After exposure to botulinum toxin,
clothing and skin should be washed
with soap and water.98 Contaminated
objects or surfaces should be cleaned
with 0.1% hypochlorite bleach solu-
tion if they cannot be avoided for the
hours to days required for natural deg-
radation.33,52,98

INFECTION CONTROL
Medical personnel caring for patients
with suspected botulism should use
standard precautions. Patients with sus-
pected botulism do not need to be iso-
lated, but those with flaccid paralysis
from suspected meningitis require
droplet precautions.

RESEARCH NEEDS
Additional research in diagnosis and
treatment of botulism is required to
minimize its threat as a weapon. Rapid
diagnostic and toxin typing tech-
niques currently under development

would be useful for recognizing and re-
sponding to a bioterrorist attack. Al-
though polymerase chain reaction as-
says can detect the botulinum toxin
gene,99 they are unable, as yet, to de-
termine whether the toxin gene is ex-
pressed and whether the expressed pro-
tein is indeed toxic. Assays that exploit
the enzymatic activity of botulinum
toxin have the potential to supplant the
mouse bioassay as the standard for di-
agnosis.100 Detection of botulinum toxin
in aerosols by enzyme-linked immu-
nosorbent assay101 is a component of the
US military’s Biological Integrated De-
tection System for rapid recognition of
biological agents in the battlefield.17

The distribution of botulinum anti-
toxin to local hospitals from regional
depots takes several hours. In con-
trast, standard detoxification tech-
niques can be applied immediately.
Studies are needed to assess whether ac-
tivated charcoal and osmotic catharsis
can prevent gastrointestinal tract ab-
sorption or reduce circulating levels of
botulinum toxin. Enteral detoxifica-
tion may be less useful in inhalational
botulism than in foodborne disease.

The competing needs for immunity to
weaponizedbotulinumtoxinandforsus-
ceptibility to medicinal botulinum toxin
couldbe reconciledbysupplyinghuman
antibody that neutralizes toxin. With a
half-life of approximately 1 month,102

human antibody would provide immu-
nity for long periods and avoid the reac-
togenicity of equine products. Existing
in vitro technologies could produce the
stockpiles of fully human antibody nec-
essary both to deter terrorist attacks and
to avoid the rationing of antitoxin that
currently would be required in a large
outbreakofbotulism.103-106 Asingle small
injection of oligoclonal human antibod-
ies could, in theory, provide protection
against toxins A through G for many
months. Until such a product becomes
available, the possibilities for reducing
the population’s vulnerability to the
intentional misuse of botulinum toxin
remain limited.
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current national point prevalence data are available. In addi-
tion, there are no quantitative data suggesting isotretinoin mis-
use, and the informed consent specifically indicates that the
patient has been diagnosed with the FDA-approved indica-
tion. It is important to note that Roche Laboratories promotes
the use of isotretinoin exclusively for patients with this ap-
proved indication.

Finally, it is important to state that the clinical criteria for
the use of this drug in an individual patient must be left to the
judgment of the physician, who is the only appropriate per-
son to define the treatment plan for that patient.

Russell H. Ellison, MD, MPH
Eileen Enny Leach, MPH, RN
Roche Laboratories Inc
Nutley, NJ

1. Accutane Tracking Survey, Roche Data on File, Accutane/FDA Annual Report
2000.
2. Hatcher RA. Contraceptive Technology. 17th ed. New York, NY: Ardent Me-
dia, Inc; 1998.

RESEARCH LETTER

Persistent Pain in Nursing Home Residents

To the Editor: More than 1.5 million people in the United
States reside in nursing homes and an estimated 43% of adults
65 years and older will enter a nursing home prior to death.1

Previous research using an early version of the Minimum
Data Set (MDS), a nationally mandated nursing home resident
assessment instrument, noted that daily pain was prevalent
among nursing home residents diagnosed with cancer who
had been discharged from a hospital, as well as among the
residents of nursing homes in general.2 Prior research was
restricted by a limited MDS pain frequency measure of “none”
or “daily,” but since 1998, information on both frequency
(none, daily, or less than daily) and severity of pain (mild,
moderate, or excruciating at times) has been collected. We
report the rates of persistent severe pain among US nursing
home residents by analyzing a national repository of MDS
data, which represents all nursing home residents in all 50
states.

Methods. We determined the rate of persistent severe pain
among all 2.2 million residents of US nursing homes within
60 days of April 1, 1999. The term ”persistent pain” indicates
residents with pain at an assessment around that time who were
also reported to be in daily moderate or excruciating pain at a
second assessment, 60 to 180 days later. Using state as the unit
of analysis, we adjusted observed rates of persistent severe pain

for the nursing home discharge rate and the prevalence of se-
vere pain among all 1999 admissions.

Results. Nationwide, 14.7% of residents in a nursing home
for 2 assessments were in persistent pain and 41.2% of resi-
dents in pain at first assessment were in severe pain 60 to 180
days later. This rate varied from 37.7% (Mississippi) to 49.5%
(Utah). Forty-one states had rates of persistent pain between
39.5% and 46.1%. Individual state reports are available online
at http://www.chcr.brown.edu/dying/factsondying.htm.

Comment. We believe that these results underestimate the
true pain burden experienced by nursing home residents be-
cause the data were reported by nursing home staff rather than
by patients. States in which pain is not adequately assessed may
report lower rates of persistent pain. Although facilities in states
with higher rates of reported pain may be doing a better job of
recognizing pain, nearly half of these residents were appar-
ently not afforded adequate palliation. The high rate of persis-
tent pain is consistent with previous research noting that pain
is often not appropriately treated in nursing home resi-
dents.2,3 Untreated pain results in impaired mobility, depres-
sion, and diminishes quality of life.3-5 These population re-
sults indicate that pain control represents an often neglected
need of this vulnerable population.

Joan M. Teno, MD, MS
Sherry Weitzen, MS
Terrie Wetle, PhD
Vincent Mor, PhD
The Center for Gerontology and Health Care Research

and Department of Community Health
Brown Medical School
Providence, RI

1. Kemper P, Murtaugh CM. Lifetime use of nursing home care. N Engl J Med.
1991;324:595-600.
2. Bernabei R, Gambassi G, Lapane K, et al. Management of pain in elderly pa-
tients with cancer: SAGE Study Group: Systematic Assessment of Geriatric Drug
Use via Epidemiology [published erratum appears in JAMA. 1999;281:136]. JAMA.
1998;279:1877-1882.
3. Ferrell BA, Ferrell BR, Rivera L. Pain in cognitively impaired nursing home pa-
tients. J Pain Symptom Manage. 1995;10:591-598.
4. Sengstaken EA, King SA. The problems of pain and its detection among geri-
atric nursing home residents. J Am Geriatr Soc. 1993;41:541-544.
5. Parmelee PA, Smith B, Katz IR. Pain complaints and cognitive status among
elderly institution residents. J Am Geriatr Soc. 1993;41:517-522.

CORRECTION

Incorrect Wording and Web Site Address: In the Consensus Statement entitled
“Botulinum Toxin as a Biological Weapon: Medical and Public Health Manage-
ment” published in the February 28, 2001, issue of THE JOURNAL (2001;285:1059-
1070), 3 errors appeared. In the third introductory paragraph on page 1059, the
word “biological” should be “microbial.” In the paragraph labeled “Toxin Types”
on page 1064, the word “bacteria” should be “bacterial.” Finally, on page 1069,
the Web site address for reference 27 should be http://www.state.gov/www
/global/terrorism/1999report/1999index.html.
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ALL SUSPECT CASES OF BOTULISM MUST BE REPORTED
IMMEDIATELY TOTHE PLACER COUNTY HEALTH AND HUMAN

SERVICES, COMMUNICABLE DISEASE CONTROL:
During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,
please call the Placer County Office of Emergency Services at (530) 886-5300 or the 24-

hour dispatch at (530) 886-5375).
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 I. KEY SUMMARY POINTS

Epidemiology:

•  Botulism neurotoxins (A-F) could be transmitted by aerosol or

contamination of food and water supplies

•  Botulism is not transmitted from person to person

Clinical:

•  Incubation period is 12-36 hours (can be several days)

•  Early symptoms include blurred vision, diplopia, and dry mouth

•  Later symptoms include dysarthria, dysphagia, dysphonia, ptosis and the

development of a symmetrical, descending progressive paralysis and

respiratory failure

•  Patients are usually alert and afebrile

Laboratory Diagnosis:

•  Diagnosis is primarily based on a compatible clinical presentation

•  Spinal protein is normal and characteristic findings are seen on EMG

(facilitation of the compound muscle action potential on repetitive nerve

stimulation)

•  Toxin can be detected in serum (collect 30 cc in red top) and stool (foodborne

botulism) by mouse neutralization bioassay performed at California Microbial

Diseases Laboratory. Contact the Placer County Public Health Laboratory at

(530) 889-7205 for assistance.

Patient Isolation:

•  Standard precautions. Patients do not require isolation rooms.

Treatment:

•  Supportive care is the mainstay of therapy; prolonged ventilatory support is

often required in severe cases

•  Botulism anti-toxin is in limited supply and is available only from the Division of

Communicable Disease Control, California Dept of Health Services

Prophylaxis:

•  Currently, there is no available post-exposure prophylaxis
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ALL SUSPECT CASES OF BOTULISM MUST BE REPORTED
IMMEDIATELY TO

THE PLACER COUNTY HEALTH AND HUMAN SERVICES,
COMMUNICABLE DISEASE CONTROL:

During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,
please call the Placer County Office of Emergency Services at (530) 886-5300 or the 24-

hour dispatch at (530) 886-5375).

 II. Introduction/Epidemiology

Botulism is a neuroparalytic disease caused by a neurotoxin produced by the anaerobic

spore-forming bacterium, Clostridium botulinum. Two additional bacteria, Clostridium barati

and Clostridium butyricum, can also occasionally produce botulinum toxin. Botulinum toxins

are designated A through G based on antigenic differences. Human botulism is caused by

toxin types A, B, E and rarely, F; botulism associated with toxin type A is most severe. In

the eastern United States, botulism is primarily caused by the botulinum toxin type B.

Botulism is classically acquired by the ingestion of preformed neurotoxin, although botulism

can also be caused by localized infection with C. botulinum (wound botulism) or C.

botulinum colonization of the intestine with in vivo toxin production (infant botulism).

Botulinum neurotoxins irreversibly bind to presynaptic receptors of peripheral nerves and

subsequently inhibit release of acetylcholine. Both the neuromuscular junctions and

cholinergic autonomic synapses are affected, resulting in skeletal muscle and bulbar

paralysis. Recovery can take weeks to months, requiring the regeneration of presynaptic

axons and formation of new synapses.

Botulism in the United States is now most commonly recognized as wound botulism, which

develops as a complication of injecting drug use. Botulism can also present in small

clusters or single cases related to home-canned foods or vegetables of low acidity (e.g.,

beans, peppers, carrots and corns). Recent examples of foodborne botulism due to non-

preserved foods include foil-wrapped baked potatoes and sauteed onions. Foodborne

botulism is always transmitted by foods that are not heated thoroughly before eating. In

1999, there were 26 cases of foodborne botulism and 41 cases of wound botulism reported

in the U.S. Thirty eight of the 41 wound botulism cases were reported in California.
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Airborne transmission of botulinum neurotoxin does not usually occur naturally, although

three persons were infected by aerosolized toxin while disposing of rabbits and guinea pigs

whose fur had been coated with previously aerosolized botulinum toxin during a laboratory

accident in Germany in 1962. If used in a bioterrorist attack, aerosolization of preformed

toxin would likely occur causing disease by the inhalation route. The clinical manifestations

of disease would be identical to foodborne botulism, except for the absence of prodromal

gastrointestinal symptoms. Deliberate contamination of food or water supplies is also

possible.

Botulism is not transmitted by human-to-human contact.

An outbreak of botulism with the following characteristics should raise suspicion of a

bioterrorist attack:

 o An unusual toxin type for California

 o Multiple, simultaneous cases with no common food exposure, no wounds, and no

history of injecting drug use

 o Absence of gastrointestinal prodromal symptoms would suggest an aerosolized

route of exposure in patients with a clinical presentation compatible with botulism

Significance as a Potential Bioterrorist Agent
 o Botulinum toxin is one of the most potent compounds known; it is 100,000 times

more toxic than sarin.

 o Could be released as an aerosol or used to contaminate water or food supplies.

 o Iraq deployed 12,000 liters of botulinum toxin in over 100 munitions during the Gulf

War in 1991.

 o The Aum Shinrikyo cult released botulinum toxin during a failed bioterrorist attack in

Japan.

 o A massive outbreak of botulism would easily overwhelm both the existing supply of

botulinum antitoxin and intensive care support (ventilator) capacity at acute care

hospitals.

 III. Clinical Manifestations

During an act of bioterrorism, release of an aerosol will be the most likely route of

transmission. The clinical presentation would be similar for both the inhalational and
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foodborne routes of transmission, with the exception that inhalational botulism would not

have  prominent gastrointestinal prodromal symptoms.

Incubation period - typically 12-36 hours, can be several days (dose-dependent).

Inhalational botulism may have an incubation period up to 3 days.

Symptoms - Patients may exhibit some or all of the following signs or symptoms: These

findings may appear in any order, the following represents the classical temporal

relationship:

Early Symptoms (Cranial nerve abnormalities precede peripheral muscle

weakness):

 � blurred vision

 � diplopia (double vision)

 � dry mouth

Later Symptoms (more severe disease):

 � dysphonia (hoarse voice)

 � dysarthria (difficulty articulating words)

 � dysphagia (difficulty swallowing)

 � ptosis

 � symmetrical, descending, progressive muscular weakness with fatiguability

with repetitive muscle activity

 � respiratory failure

The patient may have dilated or fixed pupils. Patients are typically alert and responsive and

sensory deficits (other than blurred vision) do not occur. Deep tendon reflexes may be

symmetrically depressed or remain normal. Fever does not occur unless there is a

complicating infection.

The differential diagnosis of botulism includes myasthenia gravis and Lambert-Eaton

myasthenic syndrome (lack autonomic features), tick paralysis (tick should be attached),

acute inflammatory polyneuropathy (Guillain-Barre syndrome {GBS} usually begins with

sensory complaints, rarely begins with cranial nerve abnormalities, and the progression of

motor weakness may be ascending as opposed to the descending progression seen with

botulism {except for the Miller-Fisher variant}; in addition, the CSF protein is usually
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elevated in GBS, although it may take 1 – 2 weeks to see an increase), polio (febrile illness

with asymmetric weakness), magnesium intoxication and brain stem infarction.

The diagnosis of botulism requires a very high index of suspicion, and is most often based

on epidemiologic evidence of a potential exposure. In the event of a bioterrorist attack, a

recognized source of exposure may be absent. Clinical suspicion is of utmost importance.

 IV. Diagnosis

A. Laboratory

Laboratory diagnosis is made by mouse neutralization assay, which is performed only at

the California Microbial Diseases Laboratory. If botulism is suspected, please call the

Placer County Public Health Laboratory at (530) 889-7205 to arrange for submission of

specimens for testing. After hours call Health Officer Richard J. Burton, M.D., M.P.H., at

(530) 889-7119.

The diagnosis of botulism requires a compatible clinical syndrome. The detection of

botulinum neurotoxin in the patient's serum and/or stool (in the case of food-borne botulism)

serves to confirm the diagnosis. The detection of toxin will be dependent on the total dose

absorbed and the time from onset of symptoms to testing. The specimens will be evaluated

by mouse neutralization bioassay, currently the gold standard assay. This assay can detect

as little as 0.03 ng of botulinum toxin.

 o Processing of Specimens

 � Obtain serum ( draw 30 cc in a tube with no anticoagulant, refrigerate until

well-clotted, centrifuge and separate the serum into a sterile tube for

transport), stool (at least 25 gm), and gastric aspirate if available.

Immediately call the Public Health Laboratory at (530) 889-7205 (after hours

call Health Officer Richard J. Burton, M.D., M.P.H., (530)-889-7119).

 � Serum specimens must be taken before antitoxin treatment to demonstrate

the presence of botulinum toxin.

 � In California, anti-toxin and laboratory testing for toxin are available only from

the state Department of Health Services. The Placer County Public Health

Laboratory facilitates routing of laboratory specimens.  Placer County

Communicable Disease Control facilitates evaluation of need for anti-toxin.
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 � All specimens should be refrigerated, and not frozen, and examined as

quickly as possible after collection. Freezing will hamper recovery of

Clostridium botulinum, but will not prevent detection of toxin.

 o Communication of Results

 � Toxin test results may take up to 4 days to complete after specimens are

received. Results will be given by the Placer County Public Health

Laboratory. The lack of detection of toxin in serum of patients with clinically

compatible illness does not necessarily rule out the diagnosis of botulism,

particularly in the event of inhaled botulism neurotoxin.

 o Bacterial cultures, antibody tests, and routine laboratory tests

 � Blood, stool, sputum and urine cultures are not helpful in confirming a

diagnosis of inhalational botulism.

 � Patients do not generally develop an antibody response due to the

subimmunogenic amount of toxin necessary to produce disease.

 � Routine laboratory tests, including chemistries and hematologic profiles are

generally within normal limits unless a secondary process (e.g., nosocomial

infection) has occurred.

 � Cerebrospinal fluid tests are generally normal in botulism (CSF protein may

be elevated after 1 – 2 weeks with Guillain Barre Syndrome).

B. Electrophysiologic Studies - Should be performed on clinically-involved muscles

Tensilon test - normal (differentiates botulism from myasthenia gravis)

Nerve conduction velocity - normal

Repetitive nerve stimulation at 50 Hz - facilitation of the compound muscle action

potential (rates 20-50 per second)(EMG shows an incremental response to

repetitive stimulation)

These studies may support the diagnosis of botulism but a normal

electromyelogram does not rule out disease.

 V. Handling Laboratory Specimens
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Biosafety Level 2 practices, containment equipment and facilities are recommended for all

activities with materials known or potentially containing toxin. Laboratory staff handling

specimens from persons who might have botulism must wear surgical gloves, protective

gowns, and shoe covers if performing procedures with high splash potential or risk of

aerosolization. Laboratory tests should be performed in Biological Safety Level 2 cabinets

and blood cultures should be maintained in a closed system. Every effort should be made

to avoid splashing or creating an aerosol, and protective eye wear and masks should be

worn if work cannot be done in a Biological Safety Level 2 cabinet.

Accidental spills of potentially contaminated material should be decontaminated

immediately by covering liberally with a disinfectant solution (a strong alkaline solution {e.g,

0.1M sodium hydroxide} for botulinum toxin or a 1:10 bleach solution for the Clostridium

organism) for at least 15 minutes to ensure effective inactivation. If the material is

suspected to contain both toxin and organisms, the spill must be sequentially treated with

bleach and sodium hydroxide.

All biohazardous waste should be decontaminated by autoclaving. Contaminated

equipment or instruments may be decontaminated with a hypochlorite solution, hydrogen

peroxide, peracetic acid, 1% glutaraldehyde solution, formaldehyde, ethylene oxide, copper

irradiation, or other O.S.H.A. approved solutions, or by autoclaving or boiling for 10

minutes.

 VI. Treatment

Supportive care combined with the rapid administration of botulinal antitoxin are the keys to

successful management of botulism. With improvements in intensive care support and early

administration of antitoxin, mortality rates for botulism have been approximately 6% in

recent years. Respiratory failure due to paralysis of respiratory muscles is the most serious

complication as well as the most common cause of death.

 o Botulinum Antitoxin - In uncontrolled studies, use of antitoxin has been associated

with lower mortality rates and, if administered early after onset of symptoms, a

shorter course of illness. A licensed trivalent antitoxin is available. Contrary to the

package insert directions, current recommendations are to administer ONE 10 ml

vial of antitoxin per patient, intravenously in a normal saline solution over 20

minutes. Antitoxin need not be repeated since the circulating antibodies have a half-

life of 5 to 8 days. Contact Placer County Health and Human Services

Communicable Disease Control (530) 889-7141 (after hours  call Health Officer
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Richard J. Burton, M.D., M.P.H., at (530) 889-7119) and they will assist in  obtaining

antitoxin from the state.

 o The antitoxin is of equine origin and requires skin testing for hypersensitivity before

administration of the antitoxin. About 9-21 % of patients will develop either acute or

delayed-type sensitivity reactions. Serum sickness reactions appear to be dose-

related and may be less likely with the newer dosing recommendations.

Skin testing is performed by injecting 0.1 ml of a 1:10 dilution (in sterile physiologic

saline) of antitoxin intradermally in the patient's forearm with a 26 or 27 gauge

needle. The injection site should be monitored and the patient observed for allergic

reactions for 20 minutes.

The skin test is positive if any of the following occur:

a. Hyperemic areola ( > 0.5 cm) at the site of the injection

b. Fever or chills

c. Hypotension (greater than 20 mm Hg drop in blood pressure)

d. Skin rash or generalized itching

e. Respiratory difficulty

f. Nausea or vomiting

 o Supportive therapy - Improvements in intensive care have significantly decreased

mortality rates for botulism. Monitoring of the vital capacity is crucial and intubation

is usually indicated when the vital capacity falls below 12ml/kg, without waiting for a

rise in PCO2 or fall in oxygen saturation. Ventilatory support may be required for

weeks to months.

 o Therapy in pediatric patients and pregnant women - therapy is identical to the

recommendations outlined above.

 o Aminoglycoside antibiotics are contraindicated for treatment of secondary infections

since they can exacerbate the neuromuscular blockade.
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 VII. Isolation of Patients

Botulism has not been transmitted from human-to-human. All staff should observe Standard

Precautions when caring for patients with suspected or confirmed botulism. Patients do not

require isolation rooms.

 VIII. Disposal of Infectious Waste

Use of tracking forms, containment, storage, packaging, treatment and disposal methods

should be based upon the same rules as all other regulated medical wastes.

 IX. Autopsy and Handling of Corpses

All postmortem procedures are to be performed using Universal Precautions.

 o All persons performing or assisting in postmortem procedures must wear mandated

P.P.E. (personal protective equipment) as delineated by O.S.H.A. guidelines.

 o Instruments should be autoclaved or sterilized with a 10% bleach solution or other

solutions approved by O.S.H.A. Surfaces contaminated during postmortem

procedures should be decontaminated with an appropriate chemical germicide such

as 10% hypochlorite or 5% phenol (carbolic acid).

 X. Management of Exposed Persons

An exposed person is defined as a person who has been directly exposed to botulinum

neurotoxin. In the case of a bioterrorist event, the exposure will most likely occur by

inhalation of toxin.

There is currently no available post-exposure prophylaxis for asymptomatic exposed

persons. Such persons should be educated regarding the signs and symptoms of clinical

botulism and instructed to seek medical care immediately if symptoms occur.

 XI. Reporting

Botulism is a reportable disease in California. All suspect cases should be immediately

reported by telephone:

 o During business hours

Placer County Health and Human Services, Communicable Disease Control at

(530) 889-7141

(In the event that you are unable to reach A Communicable Disease Control
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Contact, please call the Placer County Office of Emergency Services at (530) 886-

5300)

 o After business hours

Placer County Health Officer, Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach A Communicable Disease Control

Contact, please call the Placer County Office of Emergency Services 24-hour

dispatch at (530) 886-5375)
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TULAREMIA

ALL SUSPECT CASES OF TULAREMIA MUST BE REPORTED IMMEDIATELY TO THE  HEALTH
AND HUMAN SERVICES COMMUNICABLE DISEASE CONTROL:

During business hours: (530) 889-7141
After hours (Health Officer Richard J. Burton, M.D., M.P.H.): (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the Placer County Office of
Emergency Services at (530) 886-5300 during business hours, or 24-hour dispatch at (530) 886-5375 after business hours.)

Epidemiology:

•  Highly infectious after aerosolization
•  Infectious dose can be as low as 10-15 organisms
•  Person-to-person transmission does not occur

Clinical:
•  Incubation period is 3-6 days (ranges 1-21 days)
•  Aerosolization would most likely result in typhoidal tularemia, with pneumonic involvement
•  Typhoidal tularemia is a nonspecific illness, with fever, headache, malaise and non-productive

cough (mortality rates can be as high as 30-60%)
•  Diagnosis requires high index of suspicion given nonspecific presentation

Laboratory Diagnosis:
•  Bacterial cultures should be handled in a Biosafety Level 3 facility; isolation of organism can

otherwise put laboratory workers at risk.
•  Organism is difficult to culture and grows poorly on standard media; cysteine-enriched media is

required.
•  Serology is most commonly used for diagnosis.
•  Contact the Placer County Public Health Laboratory for assistance.

Patient Isolation:
•  Standard precautions. Respiratory isolation not required.

Treatment:
•  Streptomycin (7.5 mg/kg IM q 12 hours x 10-14 days) or gentamicin (3-5 mg/kg/day IV or IM qd

in 3 divided doses x 10-14 days) are the preferred antibiotics
•  Tetracyclines are alternative choices, although they are bacteriostatic and associated with higher

relapse rates and must be continued for at least 14 days

Prophylaxis:
•  Antibiotic prophylaxis is most effective if begun within 24 hours after exposure to aerosol
•  Tetracyclines are recommended for 14 days
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I know of no other infection of animals com-
municable to man that can be acquired from
sources so numerous and so diverse. In short,
one can but feel that the status of tularemia,
both as a disease in nature and of man, is one
of potentiality.

R. R. Parker1

TULAREMIA, A BACTERIAL ZOONO-
sis, is the subject of this fifth ar-
ticle in a series providing rec-
ommendations for medical and

public health management following use
of various agents as biological weapons
of terrorism.2-5 The causative agent of tu-
laremia, Francisella tularensis, is one of
the most infectious pathogenic bacteria
known, requiring inoculation or inha-
lation of as few as 10 organisms to cause
disease.6,7 Humans become incidentally

infected through diverse environmen-
tal exposures and can develop severe and
sometimes fatal illness but do not trans-
mit infection to others. The Working
Group on Civilian Biodefense consid-
ers F tularensis to be a dangerous poten-
tial biological weapon because of its ex-
treme infectivity, ease of dissemination,
and substantial capacity to cause illness
and death.8-11

CONSENSUS METHODS
The working group comprised 25 rep-
resentatives from academic medical
centers, civilian and military govern-
mental agencies, and other public health
and emergency management institu-
tions. This group followed a specified
process in developing a consensus state-
ment. MEDLINE databases from Janu-
ary 1966 to October 2000 were searched

Author Affiliations: National Center for Infectious Dis-
eases, Centers for Disease Control and Prevention,
Atlanta, Ga (Drs Dennis, Lillibridge, and McDade); Cen-
ter for Civilian Biodefense Studies, Johns Hopkins Uni-
versity Schools of Medicine (Drs Inglesby, Bartlett, and
Perl) and Public Health (Drs Henderson, O’Toole, and
Russell), Baltimore, Md; Viral and Rickettsial Diseases
Laboratory, California Department of Health Services,
Berkeley (Dr Ascher); US Army Medical Research Insti-
tute of Infectious Diseases, Ft Detrick, Md (Drs Eitzen,
Friedlander, and Parker); Bureau of Communicable
Disease, New York City Health Department

(Drs Fine and Layton), and Kroll Associates (Mr Hauer),
New York, NY; ican Inc, Eden Prairie, Minn (Dr Oster-
holm); and Office of Emergency Preparedness, Depart-
ment of Health and Human Services, Rockville, Md (Dr
Tonat).
Ex Officio Participants in the Working Group on Ci-
vilian Biodefense are listed at the end of this article.
Corresponding Author and Reprints: David T. Den-
nis, MD, MPH, Division of Vector-Borne Infectious Dis-
eases, National Center for Infectious Diseases, Cen-
ters for Disease Control and Prevention, PO Box 2087,
Fort Collins, CO 80522 (e-mail: dtd1@cdc.gov).

Objective The Working Group on Civilian Biodefense has developed consensus-
based recommendations for measures to be taken by medical and public health pro-
fessionals if tularemia is used as a biological weapon against a civilian population.

Participants The working group included 25 representatives from academic medi-
cal centers, civilian and military governmental agencies, and other public health and
emergency management institutions and agencies.

Evidence MEDLINE databases were searched from January 1966 to October 2000,
using the Medical Subject Headings Francisella tularensis, Pasteurella tularensis, bio-
logical weapon, biological terrorism, bioterrorism, biological warfare, and biowar-
fare. Review of these references led to identification of relevant materials published
prior to 1966. In addition, participants identified other references and sources.

Consensus Process Three formal drafts of the statement that synthesized infor-
mation obtained in the formal evidence-gathering process were reviewed by mem-
bers of the working group. Consensus was achieved on the final draft.

Conclusions A weapon using airborne tularemia would likely result 3 to 5 days later
in an outbreak of acute, undifferentiated febrile illness with incipient pneumonia, pleu-
ritis, and hilar lymphadenopathy. Specific epidemiological, clinical, and microbiologi-
cal findings should lead to early suspicion of intentional tularemia in an alert health
system; laboratory confirmation of agent could be delayed. Without treatment, the
clinical course could progress to respiratory failure, shock, and death. Prompt treat-
ment with streptomycin, gentamicin, doxycycline, or ciprofloxacin is recommended.
Prophylactic use of doxycycline or ciprofloxacin may be useful in the early postexpo-
sure period.
JAMA. 2001;285:2763-2773 www.jama.com
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using the Medical Subject Headings
Francisella tularensis, Pasteurella tu-
larensis, biological weapon, biological ter-
rorism, bioterrorism, biological war-
fare, and biowarfare. Review of the
bibliographies of these references led
to identification of relevant materials
published prior to 1966. In addition,
participants identified other pub-
lished and unpublished references and
sources for review.

The first draft of the consensus state-
ment was a synthesis of information ob-
tained in the formal evidence-gathering
process. Members of the working group
were asked to make written comments
on this first draft in May 1999. Subse-
quent revised drafts were reviewed and
edited until full consensus of the work-
ing group was achieved.

HISTORY AND POTENTIAL
AS A BIOLOGICAL WEAPON
Tularemia was first described as a plague-
like disease of rodents in 1911 and,
shortly thereafter,was recognizedasapo-
tentially severe and fatal illness in hu-
mans.12 Tularemia’s epidemic potential
became apparent in the 1930s and 1940s,
when large waterborne outbreaks oc-
curred in Europe and the Soviet
Union13-15 and epizootic-associated cases
occurred in the United States.16,17 As well,
F tularensis quickly gained notoriety as
a virulent laboratory hazard.18,19 Public
health concerns impelled substantial
early investigations into tularemia’s ecol-
ogy, microbiology, pathogenicity, and
prevention.19-22

Francisella tularensis has long been
considered a potential biological
weapon. It was one of a number of agents
studied at Japanese germ warfare re-
search units operating in Manchuria be-
tween 1932 and 194523; it was also ex-
amined for military purposes in the
West. A former Soviet Union biologi-
cal weapons scientist, Ken Alibeck, has
suggested that tularemia outbreaks af-
fecting tens of thousands of Soviet and
German soldiers on the eastern Euro-
pean front during World War II may
have been the result of intentional use.24

Following the war, there were continu-
ing military studies of tularemia. In the

1950s and 1960s, the US military devel-
oped weapons that would disseminate
F tularensis aerosols10; concurrently, it
conducted research to better under-
stand the pathophysiology of tulare-
mia and to develop vaccines and anti-
biotic prophylaxis and treatment
regimens. In some studies, volunteers
were infected with F tularensis by di-
rect aerosol delivery systems and by ex-
posures in an aerosol chamber.10 A live
attenuated vaccine was developed that
partially protected against respiratory
and intracutaneous challenges with the
virulent SCHU S-4 strain of F tularen-
sis,6,7 and various regimens of strepto-
mycin, tetracyclines, and chlorampheni-
col were found to be effective in
prophylaxis and treatment.25-27 By the
late 1960s, F tularensis was one of sev-
eral biological weapons stockpiled by the
US military.10 According to Alibeck, a
large parallel effort by the Soviet Union
continued into the early 1990s and re-
sulted in weapons production of F tu-
larensis strains engineered to be resis-
tant to antibiotics and vaccines.24

In 1969, a World Health Organiza-
tion expert committee estimated that an
aerosol dispersal of 50 kg of virulent
F tularensis over a metropolitan area with
5 million inhabitants would result in
250000 incapacitating casualties, includ-
ing 19000 deaths.28 Illness would be
expected to persist for several weeks and
disease relapses to occur during the en-
suing weeks or months. It was assumed
that vaccinated individuals would be
only partially protected against an aero-
sol exposure. Referring to this model, the
Centers for Disease Control and Preven-
tion (CDC) recently examined the ex-
pected economic impact of bioterrorist
attacks and estimated the total base costs
to society of an F tularensis aerosol
attack to be $5.4 billion for every 100000
persons exposed.9

The United States terminated its bio-
logical weapons development pro-
gram by executive order in 1970 and,
by 1973, had destroyed its entire bio-
logical arsenal.10 Since then, the US
Army Medical Research Institute of In-
fectious Diseases has been responsible
for defensive medical research on F tu-

larensis and other potential biological
warfare agents to better protect the US
military, including protocols on decon-
tamination, prophylaxis, clinical rec-
ognition, laboratory diagnosis, and
medical management.29 The CDC op-
erates a national program for bioter-
rorism preparedness and response that
incorporates a broad range of public
health partnerships.30,31

EPIDEMIOLOGY
Geographic Distribution
and Human Exposures

Tularemia occurs throughout much of
North America and Eurasia.15,21,22,32 In
the United States, human cases have
been reported from every state except
Hawaii; however, most cases occur in
south-central and western states (es-
pecially Missouri, Arkansas, Okla-
homa, South Dakota, and Montana).33-35

In Eurasia, the disease is also widely en-
demic, although the greatest numbers
of human cases are reported from
northern and central Europe, espe-
cially Scandinavian countries and those
of the former Soviet Union.36,37 Tula-
remia is almost entirely a rural dis-
ease, although urban and suburban ex-
posures occasionally do occur.38-41

Throughout its range, F tularensis is
found in widely diverse animal hosts
and habitats and can be recovered from
contaminated water, soil, and vegeta-
tion.15,20-22,32 A variety of small mam-
mals, including voles, mice, water rats,
squirrels, rabbits, and hares, are natu-
ral reservoirs of infection. They ac-
quire infection through bites by ticks,
flies, and mosquitoes, and by contact
with contaminated environments. Al-
though enzootic cycles of F tularensis
typically occur without notice, epizo-
otics with sometimes extensive die-
offs of animal hosts may herald out-
breaks of tularemia in humans.16,22,42,43

Humans become infected with F tu-
larensis by various modes, including
bites by infective arthropods,42,44-47 han-
dling infectious animal tissues or flu-
ids,17,48,49 direct contact with or inges-
tion of contaminated water, food, or
soil,13,20,40,50,51 and inhalation of infec-
tive aerosols.43,52-56 Persons of all ages
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and both sexes appear to be equally
susceptible to tularemia. Certain ac-
tivities, such as hunting, trapping,
butchering, and farming, are most likely
to expose adult men. Laboratory
workers are especially vulnerable to in-
fection, either by accidentally inocu-
lating themselves or by inhaling aero-
solized organisms.18,22,56-58 Ordinary
exposures during examination of an
open culture plate can cause infec-
tion. Although F tularensis is highly in-
fectious and pathogenic, its transmis-
sion from person to person has not been
documented.

Incidence
The worldwide incidence of tularemia is
not known, and the disease is probably
greatly underrecognized and underre-
ported. In the United States, reported
cases have dropped sharply from sev-
eral thousand per year prior to 1950 to
less than 200 per year in the 1990s.33-35

Between 1985 and 1992, 1409 cases and
20 deaths were reported in the United
States, for a mean of 171 cases per year
and a case-fatality rate of 1.4%.34 Per-
sons in all age groups were affected, but
most were children younger than 10
years and adults aged 50 years or older.
Of 1298 cases for which information on
sex was available, 942 (72.6%) oc-
curred in males, and males outnum-
bered females in all age groups. Most
cases occur in June through September,
when arthropod-borne transmission is
most common.17,35,59 Cases in winter
usually occur among hunters and trap-
pers who handle infected animal car-
casses.17,35,48 In the United States, cases
are mostly sporadic or occur in small
clusters34,35,49; in Eurasia, waterborne, ar-
thropod-borne, and airborne outbreaks
involving hundreds of persons have been
reported.40,43,44,51,53-55

Natural Occurrences of
Inhalational Tularemia
The largest recorded airborne tulare-
mia outbreak occurred in 1966-1967 in
an extensive farming area of Sweden.43

This outbreak involved more than 600
patients infected with strains of the
milder European biovar of F tularensis

(F tularensis biovar palaearctica) [type
B]), most of whom acquired infection
while doing farm work that created con-
taminated aerosols. Case exposures and
disease onsets occurred during a period
of months but peaked during the win-
ter, when rodent-infested hay was
being sorted and moved from field stor-
age sites to barns. Among 140 serologi-
cally confirmed cases thought to have
been infected by inhalation, most had
typical acute symptoms of fever, fa-
tigue, chills, headache, and malaise; only
14 (10%) of confirmed patients had
symptoms of pneumonia, such as dys-
pnea and chest pains. Patients gener-
ally responded well to tetracycline, and
no deaths were reported. Inhalational tu-
laremia in the United States has in-
volved only single cases or small clus-
ters of cases, variously resulting from
laboratory exposures,18,56,57 disturbance
of contaminated animal carcasses,38,39,41

and suspected infective environmental
aerosols.41,52 Cases of inhalational tula-
remia in the United States are thought
to be due mostly to the more virulent
F tularensisbiovar tularensis (type A) and
usually followanacuteandseverecourse,
with prominent pneumonitis. Some
cases, however, have radiographic evi-
dence of pleuropneumonia with mini-
mal or absent respiratory signs on physi-
cal examination.39,41,52

Although airborne F tularensis would
be expected to principally cause pri-
mary pleuropneumonic infection, some
exposures might contaminate the eye,
resulting in ocular tularemia; pen-
etrate broken skin, resulting in ulcero-
glandular or glandular disease; or cause
oropharyngeal disease with cervical
lymphadenitis. In the aforementioned
Swedish outbreak, conjunctivitis was
reported in 26% of 140 confirmed cases
and an infected ulcer of the skin was
reported in nearly 12%; pharyngitis was
reported in 31% and oral ulcers in about
9% of the cases; and 32% of these pa-
tients had various exanthemas, such as
erythema multiforme and erythema no-
dosum.43 Tularemia outbreaks arising
from similar agricultural exposures have
been reported from Finland,53 mostly
presenting with general constitutional

symptoms rather than specific mani-
festations of pneumonia; enlargement
of hilar nodes was the principal radio-
graphic finding in these cases.54

Inhalational Tularemia Following
Use as a Biological Weapon
Although F tularensis could be used as
a weapon in a number of ways, the work-
ing group believes that an aerosol re-
lease would have the greatest adverse
medical and public health conse-
quences. Release in a densely popu-
lated area would be expected to result
in an abrupt onset of large numbers of
cases of acute, nonspecific febrile ill-
ness beginning 3 to 5 days later (incu-
bation range, 1-14 days), with pleuro-
pneumonitis developing in a significant
proportion of cases during the ensuing
days and weeks. Public health authori-
ties would most likely become aware of
an outbreak of unusual respiratory dis-
ease in its early stages, but this could be
difficult to distinguish from a natural
outbreak of community-acquired infec-
tion, especially influenza or various
atypical pneumonias. The abrupt onset
of large numbers of acutely ill persons,
the rapid progression in a relatively high
proportion of cases from upper respira-
tory symptoms and bronchitis to life-
threatening pleuropneumonitis and sys-
temic infection affecting, among others,
young, previously healthy adults and
children should, however, quickly alert
medical professionals and public health
authorities to a critical and unexpected
public health event and to bioterror-
ism as a possible cause (TABLE 1). Un-
til the etiology became clear, clinicians
would need to work closely with epide-
miologists and diagnostic laboratories to
differentiate the illness from various
community-acquired pneumonias and
to determine if it could have resulted
from use of one of several potential bio-
terrorism weapons agents, such as those
causing tularemia, plague, anthrax, or
Q fever.2,4,29

In general, tularemia would be ex-
pected to have a slower progression of
illness and a lower case-fatality rate than
either inhalational plague or anthrax.
Plague would most likely progress very
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rapidly to severe pneumonia, with co-
pious watery or purulent sputum pro-
duction, hemoptysis, respiratory insuf-
ficiency, sepsis, and shock.4 Inhalational
anthrax would be differentiated by its
characteristic radiological findings of
prominent symmetric mediastinal wid-
ening and absence of bronchopneumo-
nia.2 As well, anthrax patients would be
expected to develop fulminating, toxic,
and fatal illness despite antibiotic treat-
ment.29 Milder forms of inhalational tu-
laremia could be clinically indistin-
guishable from Q fever; establishing a
diagnosis of either would be problem-
atic without reference laboratory test-
ing. Presumptive laboratory diag-
noses of plague or anthrax would be
expected to be made relatively quickly,
although microbiological confirma-
tion could take days. Isolation and iden-
tification of F tularensis using routine
laboratory procedures could take sev-
eral weeks.

Once a substantial cluster of cases of
inhalational tularemia had been iden-
tified, epidemiological findings should
suggest a bioterrorist event. The abrupt
onset and single peak of cases would
implicate a point-source exposure with-
out secondary transmission. Among ex-
posed persons, attack rates would likely

be similar across sex and age groups,
and risk would be related to degree of
exposure to the point source (Table 1).
An outbreak of inhalational tularemia
in an urban setting should trigger a high
level of suspicion of an intentional
event, since all reported inhalational tu-
laremia outbreaks have occurred in ru-
ral areas.

MICROBIOLOGY AND
VIRULENCE FACTORS
Francisella tularensis is a small, non-
motile, aerobic, gram-negative cocco-
bacillus. It has a thin lipopolysaccha-
ride-containing envelope and is a hardy
non–spore-forming organism that sur-
vives for weeks at low temperatures in
water, moist soil, hay, straw, and de-
caying animal carcasses.21,22,60,61 Fran-
cisella tularensis has been divided into
2 major subspecies (biovars) by viru-
lence testing, biochemical reactions, and
epidemiological features.62 Francisella
tularensis biovar tularensis (type A) may
be highly virulent in humans and ani-
mals, produces acid from glycerol, dem-
onstrates citrulline ureidase activity, and
is the most common biovar isolated in
North America.22,60 Francisella tularen-
sis biovar palaearctica (type B) is rela-
tively avirulent, does not produce acid

from glycerol, and does not demon-
strate citrulline ureidase activity. In Eu-
rope and Asia, all human tularemia is
thought to be caused by the milder type
B strains, although recent studies there
have identified naturally occurring F tu-
larensis related to F tularensis biovar tu-
larensis.63,64 A few rapidly growing
strains of F tularensis have been recov-
ered from the blood of immunocom-
promised patients not showing serore-
activity to F tularensis.65

Transformed plasmids have been en-
gineered to express chloramphenicol
and tetracycline resistance in F tularen-
sis.66 Virulent, streptomycin-resistant
F tularensis strains have been exam-
ined in biowarfare agent studies both
in the United States and the Soviet
Union.24,27,56 Although F tularensis viru-
lence factors are poorly understood and
characterized,67,68 it is possible that
strain virulence could be enhanced
through laboratory manipulation.

PATHOGENESIS AND
CLINICAL MANIFESTATIONS
Pathogenesis

Francisella tularensis can infect hu-
mans through the skin, mucous mem-
branes, gastrointestinal tract, and lungs.
It is a facultative intracellular bacte-
rium that multiplies within macro-
phages.68,69 The major target organs are
the lymph nodes, lungs and pleura,
spleen, liver, and kidney.19,20,49,70-72 Un-
treated, bacilli inoculated into skin or
mucous membranes multiply, spread to
the regional lymph nodes and further
multiply, and may then disseminate to
organs throughout the body. Bactere-
mia may be common in the early phase
of infection. The initial tissue reaction
to infection is a focal, intensely suppu-
rative necrosis consisting largely of
accumulations of polymorphonuclear
leukocytes, followed by invasion of
macrophages, epithelioid cells, and lym-
phocytes. Suppurative lesions become
granulomatous, and histopathological
examination of the granulomas shows
a central necrotic, sometimes caseat-
ing zone surrounded by a layer of epi-
thelioid cells, multinucleated giant cells,
and fibroblasts in a radial arrange-

Table 1. Diagnosis of Inhalational Tularemia Following Use of a Biological Weapon

Clinical Findings

Sudden onset of acute febrile illness, progressing in some patients to pharyngitis, bronchiolitis,
pneumonitis, pleuritis, hilar lymphadenitis. Complications of overwhelming untreated infection
may lead to sepsis and inflammatory response syndrome.

Epidemiology

Point-source outbreak pattern; likely urban, nonagricultural setting. Unexpected severe respiratory
illness in otherwise healthy persons. Risk related to degree of exposure with no differences in
susceptibility by age or sex.

Microbiology

Small, gram-negative coccobacilli in direct stain of respiratory secretions. Sputum, tracheobronchial
secretions, and blood should be cultured using cysteine-enriched medium. Antimicrobial
susceptibility of isolates should be determined. Direct fluorescent antibody stain is first-line, rapid
identification procedure at reference laboratories. Polymerase chain reaction and antigen
detection procedures may also provide rapid identification. Microagglutination assay can detect
serum antibodies beginning 10 days after illness onset. Virulence testing and molecular genetic
characterizations are performed at specialized laboratories.

Pathology

Histological findings of acute suppurative necrosis followed by granulomatous reactions. Target
organs include lungs, lymph nodes, spleen, liver, and kidney.

Radiology

Peribronchial infiltrates leading to bronchopneumonia in 1 or more lobes, often accompanied by
pleural effusion and enlarged hilar nodes. Signs may be absent or minimal, with only 1 or several
small, discrete pulmonary infiltrates, or scattered granulomatous lesions of lung parenchyma or
pleura.
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ment, typical of other granulomatous
conditions, such as tuberculosis and
sarcoidosis.20,70,71

Monkeys that inhaled the virulent
SCHU S-4 strain of F tularensis (type A)
developed acute bronchiolitis within 24
hours of exposure to 1-µm particles and
within 48 hours of exposure to 8-µm par-
ticles.73 By 72 hours following chal-
lenge, inflammation was present in peri-
bronchial tissues and alveolar septa.
Bronchopneumonia was most pro-
nounced in animals exposed to the
smaller particles and was characterized
by tracheobronchial lymph node en-
largement and reddish, firm, 0.2- to 0.5-
cm-diameter discrete inflammatory le-
sions scattered throughout the lungs. In
the absence of treatment, the disease pro-
gressed to pneumonic consolidation and
organization, granuloma formation, and
eventual chronic interstitial fibrosis.

Humans with inhalational expo-
sures also develop hemorrhagic inflam-
mation of the airways early in the course
of illness, which may progress to bron-
chopneumonia.54 Histopathological ex-
amination of affected lungs shows al-
veolar spaces filled with an exudate of
mononuclear cells. Pleuritis with ad-
hesions and effusion and hilar lymph-
adenopathy are common radiological
and pathological findings.70,72

Clinical Manifestations
The primary clinical forms of tulare-
mia vary in severity and presentation
according to virulence of the infecting
organism, dose, and site of inoculum.
Primary disease presentations include
ulceroglandular, glandular, oculoglan-
dular, oropharyngeal, pneumonic, ty-
phoidal, and septic forms.19,20,49,70,72,74,75

The term typhoidal tularemia has been
used to describe illness in tularemia pa-
tients with systemic infections mani-
festing as fever and other constitu-
tional signs without cutaneous or
mucosal membrane lesions or re-
gional lymphadenitis. Sometimes, these
patients present with prominent gas-
trointestinal manifestations, such as di-
arrhea and pain. Confusion is created
when typhoidal tularemia is used to de-
scribe the illness in patients infected by

inhalation, especially when there are
signs of pleuropneumonic disease; this
usage can be misleading and has been
discouraged.54,75

The onset of tularemia is usually
abrupt, with fever (38°C-40°C), head-
ache, chills and rigors, generalized body
aches (often prominent in the low
back), coryza, and sore throat. A pulse-
temperature dissociation has been noted
in as many as 42% of patients.49 A dry
or slightly productive cough and sub-
sternal pain or tightness frequently oc-
cur with or without objective signs of
pneumonia, such as purulent sputum,
dyspnea, tachypnea, pleuritic pain, or
hemoptysis.7,19,26,70,74 Nausea, vomit-
ing, and diarrhea sometimes occur.
Sweats, fever and chills, progressive
weakness, malaise, anorexia, and weight
loss characterize the continuing ill-
ness. Studies of volunteers have shown
that F tularensis aerosol exposures can
incapacitate some persons in the first
1 or 2 days of illness, and significant im-
pairment in performing tasks can con-
tinue for days after antibiotic treat-
ment is begun.76 In untreated tularemia,
symptoms often persist for several
weeks and, sometimes, for months, usu-
ally with progressive debility. Any form
of tularemia may be complicated by he-
matogenous spread, resulting in sec-
ondary pleuropneumonia, sepsis, and,
rarely, meningitis.74,77

Prior to the advent of antibiotics, the
overall mortality from infections with
the more severe type A strains was in
the range of 5% to 15%, and fatality
rates as high as 30% to 60% were re-
ported for untreated pneumonic and se-
vere systemic forms of disease.72,78 Cur-
rently, the overall case-fatality rate of
reported cases in the United States is
less than 2%.34,49 Type B infections are
rarely fatal.

In ulceroglandular tularemia, the
form that typically arises from han-
dling a contaminated carcass or follow-
ing an infective arthropod bite, a local
cutaneous papule appears at the inocu-
lation site at about the time of onset of
generalized symptoms, becomes pus-
tular, and ulcerates within a few days
of its first appearance. The ulcer is ten-

der, generally has an indolent charac-
ter, and may be covered by an eschar.
Typically, one or more regional affer-
ent lymph nodes may become en-
larged and tender within several days
of the appearance of the papule. Even
with antibiotic treatment, the affected
nodes may become fluctuant and rup-
ture. In oculoglandular tularemia,
which follows direct contamination
of the eye, ulceration occurs on the
conjunctiva, accompanied by pro-
nounced chemosis, vasculitis, and
regional lymphadenitis. Glandular tu-
laremia is characterized by lymphade-
nopathy without an ulcer.

Oropharyngeal tularemia is acquired
by drinking contaminated water, ingest-
ing contaminated food, and, some-
times, by inhaling contaminated drop-
lets or aerosols.14,20,36,43,50,51,79 Affected
persons may develop stomatitis but more
commonly develop exudative pharyn-
gitis or tonsillitis, sometimes with ul-
ceration. Pronounced cervical or retro-
pharyngeal lymphadenopathy may occur
(FIGURE 1).74,79

Tularemia pneumonia can be the
direct result of inhaling contaminated
aerosols or be secondary to hematog-
enous spread from a distal site. An
aerosol release of F tularensis would be
expected to result in acute illness with
signs and symptoms of 1 or more of
pharyngitis, bronchiolitis, pleuropneu-
monitis, and hilar lymphadenitis,
accompanied by various manifesta-

Figure 1. Cervical Lymphadenitis in a
Patient With Pharyngeal Tularemia

Patient has marked swelling and fluctuant suppura-
tion of several anterior cervical nodes. Infection was
acquired by ingestion of contaminated food or wa-
ter. Source: World Health Organization.
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tions of systemic illness. Inhalational
exposures, however, commonly result
in an initial clinical picture of systemic
illness without prominent signs of res-
piratory disease.7,43,53,56 The earliest
pulmonary radiographic findings of
inhalational tularemia may be peri-
bronchial infiltrates, typically advanc-
ing to bronchopneumonia in 1 or

more lobes, and often accompanied by
pleural effusions and hilar lymphade-
nopathy (FIGURE 2).72,75 Signs may,
however, be minimal or absent, and
some patients will show only 1 or sev-
eral small, discrete pulmonary infil-
trates or scattered granulomatous
lesions of lung parenchyma or pleura.
Although volunteers challenged with
aerosols of virulent F tularensis (type
A) regularly developed systemic symp-
toms of acute illness 3 to 5 days fol-
lowing exposure, only 25% to 50% of
participants had radiological evidence
of pneumonia in the early stages of
infection.7,26 On the other hand, pul-
monary infection can sometimes rap-
idly progress to severe pneumonia,
respiratory failure, and death.72,80 Lung
abscesses occur infrequently.75

Typhoidal tularemia is used to de-
scribe systemic illness in the absence
of signs indicating either site of inocu-
lation or anatomic localization of in-
fection. This should be differentiated
from inhalational tularemia with pleu-
ropneumonic disease.54,75

Tularemia sepsis is potentially se-
vere and fatal. As in typhoidal tulare-
mia, nonspecific findings of fever, ab-
dominal pain, diarrhea, and vomiting
may be prominent early in the course
of illness. The patient typically ap-
pears toxic and may develop confu-
sion and coma. Unless treated promptly,
septic shock and other complications
of systemic inflammatory response syn-
drome may ensue, including dissemi-
nated intravascular coagulation and
bleeding, acute respiratory distress syn-
drome, and organ failure.80

DIAGNOSIS
Tularemia in humans occurs infre-
quently, resulting in a low index of di-
agnostic suspicion among clinicians and
laboratorians. Since rapid diagnostic
testing for tularemia is not widely avail-
able, the first indication of intentional
tularemia might follow recognition by
public health authorities of a cluster-
ing of acute, severe respiratory illness
with unusual epidemiological fea-
tures (Table 1). Suspicion of tulare-
mia might be triggered in alert clini-

cians encountering patients with
findings of atypical pneumonia, pleu-
ritis, and hilar lymphadenopathy. Iden-
tification of F tularensis in clinical speci-
mens may be missed or delayed for days
or weeks when procedures for routine
microbiological screening of bacterial
pathogens are followed, and it is un-
likely that a serendipitous laboratory
identification would be the sentinel
event that alerted authorities to a ma-
jor bioterrorism action.

Physicians who suspect inhala-
tional tularemia should promptly col-
lect specimens of respiratory secre-
tions and blood and alert the laboratory
to the need for special diagnostic and
safety procedures. Francisella tularen-
sis may be identified by direct exami-
nation of secretions, exudates, or bi-
opsy specimens using direct fluorescent
antibody or immunohistochemical
stains.81-83 By light microscopy, the
organism is characterized by its small
size (0.2µm30.2-0.7 µm), pleomor-
phism, and faint staining. It does not
show the bipolar staining characteris-
tics of Yersinia pestis,4 the agent of
plague, and is easily distinguished from
the large gram-positive rods character-
istic of vegetative forms of Bacillus
anthracis (FIGURE 3).2 Microscopic
demonstration of F tularensis using
fluorescent-labeled antibodies is a rapid
diagnostic procedure performed in des-
ignated reference laboratories in the Na-
tional Public Health Laboratory Net-
work; test results can be made available
within several hours of receiving the ap-
propriate specimens if the laboratory is
alerted and prepared. Suspicion of in-
halational tularemia must be promptly
reported to local or state public health
authorities so timely epidemiological
and environmental investigations can
be made (BOX).

Growth of F tularensis in culture is
the definitive means of confirming the
diagnosis of tularemia.60,81 Francisella
tularensis can be grown from pharyn-
geal washings, sputum specimens, and
even fasting gastric aspirates in a high
proportion of patients with inhala-
tional tularemia.56 It is only occasion-
ally isolated from the blood. Fran-

Figure 2. Chest Radiograph of a Patient
With Pulmonary Tularemia

Infiltrates in left lower lung, tenting of diaphragm, prob-
ably caused by pleural effusion, and enlargement of
left hilum. Source: Armed Forces Institute of Pathology.

Box. Clinicians Caring for
Patients With Suspected
Tularemia Should
Immediately Contact Their:
(1) Hospital epidemiologist or
infection control practitioner and

(2) Local or state health depart-
ments

Consult your local telephone op-
erator, the telephone directory un-
der “governmental listings,” or the
Internet at http://www.cdc.gov/other
.htm#states or http://www.astho.org
/state.html

If the local and state health de-
partments are unavailable, contact
the Centers for Disease Control and
Prevention at (970) 221-6400 or
http://www.cdc.gov/ncidod/dvbid
/dvbid.htm
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cisella tularensis grows best in cysteine-
enriched broth and thioglycollate
broth and on cysteine heart blood
agar, buffered charcoal-yeast agar, and
chocolate agar. Selective agar (such as
chocolate agar selective for Neisseria
gonorrhea isolation) may be useful
when culturing materials from non-
sterile sites, such as sputum. Inocu-
lated media should be incubated at
37°C. Although growth may be visible
as early as 24 to 48 hours after inocu-
lation, growth may be delayed and cul-
tures should be held for at least 10 days
before discarding. Under ideal condi-
tions, bacterial colonies on cysteine-
enriched agar are typically 1 mm in
diameter after 24 to 48 hours of incu-
bation and 3 to 5 mm in diameter by
96 hours.60,81 On cysteine heart agar, F
tularensis colonies are characteristi-
cally opalescent and do not discolor the
medium (FIGURE 4).

Antigen detection assays, polymer-
ase chain reaction, enzyme-linked im-
munoassays, immunoblotting, pulsed-
field gel electrophoresis, and other
specialized techniques may be used to
identify F tularensis and to characterize
strains.84-87 These procedures are usu-
ally performed only in research and ref-
erence laboratories, however. In labora-
tories where advanced methods are

established, results of antigen detection
and polymerase chain reaction analyses
can be obtained within several hours of
receipt of isolates. Typically, serum an-
tibody titers do not attain diagnostic lev-
els until 10 or more days after onset of
illness, and serology would provide mini-
mal useful information for managing an
outbreak. Serological confirmation of
cases, however, may be of value for fo-
rensic or epidemiological purposes. Most
laboratories use tube agglutination or mi-
croagglutination tests that detect com-
bined immunoglobulin M and immu-
noglobulin G.84,85 A 4-fold change in titer
between acute and convalescent serum
specimens, a single titer of at least 1:160
for tube agglutination or 1:128 for mi-
croagglutination is diagnostic for F tu-
larensis infection. Information on refer-
ence diagnostic testing and shipping/
handling of specimens can be obtained
from state public health laboratories and
from the Division of Vector-Borne In-
fectious Diseases, CDC, Fort Collins,
Colo (telephone: [970]221-6400; e-mail:
dvbid@cdc.gov).

VACCINATION
Beginning in the 1930s, the Soviet
Union used a live attenuated vaccine to
immunize tens of millions of persons
living in tularemia-endemic areas.88 In

the United States, a live attenuated vac-
cine derived from the avirulent live vac-
cine strain has been used to protect
laboratorians routinely working with
F tularensis; until recently, this vac-
cine was available as an investiga-
tional new drug.89 It is currently un-
der review by the US Food and Drug
Administration (FDA), and its future
availability is undetermined.

In a retrospective study of civilians
working with F tularensis at a US Army
research facility, the incidence of acci-
dental acute inhalational tularemia
among laboratorians declined from 5.70
cases per 1000 person-years of risk at

Figure 3. Gram Stain Smears of the Agents of Anthrax (Bacillus anthracis), Plague (Yersinia pestis), and Tularemia (Francisella tularensis),
Demonstrating Comparative Morphology, Size, and Staining Characteristics

A B C

A, B anthracis is a large (0.5-1.2 µm 3 2.5-10.0 µm), chain-forming, gram-positive rod that sporulates under certain conditions (Gram stain of organism from culture;
original magnification 3250); B, Y pestis is a gram-negative, plump, non–spore-forming, bipolar-staining bacillus that is approximately 0.5-0.8 µm 3 1-3 µm (Gram
stain of smear from infected tissue; original magnification 3250); C, F tularensis is a small (0.2 µm 3 0.2-0.7 µm), pleomorphic, poorly staining, gram-negative coc-
cobacillus (Gram stain of organism from culture; original magnification 3500) (inset, direct immunofluorescence of smear of F tularensis; original magnification 3400.
Sources: A and B, Sherif Zaki, Centers for Disease Control and Prevention; C, Armed Forces Institute of Pathology.

Figure 4. Francisella tularensis Growth at
72 Hours After Inoculation

These Francisella tularensis colonies show character-
istic opalescence on cysteine heart agar with sheep
blood (cultured at 37°C for 72 hours). Source: Cen-
ters for Disease Control and Prevention.
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a time when a killed vaccine was in use
to 0.27 cases per 1000 person-years of
risk after introduction of the live vac-
cine.58 Although the incidence of ul-
ceroglandular disease remained un-
changed in the 2 periods, signs and
symptoms were considered milder
among those who received the live vac-
cine. In volunteer studies, the live at-
tenuated vaccine did not protect all re-
cipients against aerosol challenges with
virulent F tularensis.7,26

Correlates of protective immunity ap-
pear about 2 weeks following natural
infection or vaccination. Given the short
incubation period of tularemia and in-
complete protection of current vac-
cines against inhalational tularemia,
vaccination is not recommended for
postexposure prophylaxis. The work-
ing group recommends use of the live
vaccine strain only for laboratory per-
sonnel routinely working with F tu-
larensis.

TREATMENT
Contained Casualty
Situation

Adults. In a contained casualty situa-
tion, in which logistics permit indi-
vidual medical management, the work-
ing group recommends parenteral
antimicrobial therapy for tularemia
(TABLE 2). Streptomycin is the drug
of choice.49,74,90,91 Gentamicin, which
is more widely available and may be
used intravenously, is an acceptable al-
ternative.49,74,90-93 Treatment with
aminoglycosides should be continued
for 10 days. Tetracyclines and chlor-
amphenicol are also used to treat tula-
remia49,74,90; however, relapses and pri-
mary treatment failures occur at a
higher rate with these bacteriostatic
agents than with aminoglycosides, and
they should be given for at least 14 days
to reduce chance of relapse.27,74,90 Fluo-
roquinolones, which have intracellu-
lar activity, are promising candidates
for treating tularemia. Ciprofloxacin,
which is not labeled for use in tulare-
mia, has been shown to be active against
F tularensis in vitro94 and in animals95

and has been used to successfully treat
tularemia in both adults and chil-

dren.90,94,96,97 Treatment with cipro-
floxacin should be continued for 10
days. In persons beginning treatment
with parenteral doxycycline, cipro-
floxacin, or chloramphenicol, therapy
can be switched to oral antibiotic ad-
ministration when clinically indi-
cated. Very limited experiences in treat-
ing tularemia patients with b-lactam
and macrolide antibiotics have been re-
ported, and treatment failures have oc-
curred.98 Use of b-lactam and macro-
lide antibiotics in treating tularemia is
neither FDA-approved nor recom-
mended by the working group.

Children. In children, streptomycin
or gentamicin is recommended by the
working group as first-line treatment in
a contained casualty situation (Table 2).
Doxycycline, ciprofloxacin (#1 g/d), and
chloramphenicol can be used as alter-
natives to aminoglycosides. Fluoroqui-
nolones have been reported to cause car-
tilage damage in immature animals and
are not FDA-approved for use in chil-
dren. However, short courses of these
agents have not been associated with ar-
thropathy in pediatric patients, and the
potential risks of their use must be
weighed against their benefits in treat-
ing serious infections.96,99,100

Mass Casualty Situation
Doxycycline and ciprofloxacin, admin-
istered orally, are the preferred choices
for treatment in the mass casualty set-
ting, for both adults and children
(TABLE 3). The ciprofloxacin dosage for
children should not exceed 1 g/d. In a
mass casualty situation, the working
group believes the benefits to children
from short courses of doxycycline or
fluoroquinolones (Table 3) outweigh
the risks of their use.

Since it is unknown whether drug-
resistant organisms might be used in a
bioterrorist event, antimicrobial sus-
ceptibility testing of isolates should be
conducted quickly and treatments al-
tered according to test results and clini-
cal responses.

Antibiotics for treating patients in-
fected with tularemia in a bioterror-
ism scenario are included in a na-
tional pharmaceutical stockpile

Table 2. Working Group Consensus
Recommendations for Treatment of Patients
With Tularemia in a Contained Casualty
Setting*

Contained Casualty Recommended Therapy

Adults

Preferred choices
Streptomycin, 1 g IM twice daily
Gentamicin, 5 mg/kg IM or IV once daily†

Alternative choices
Doxycycline, 100 mg IV twice daily
Chloramphenicol, 15 mg/kg IV 4 times

daily†
Ciprofloxacin, 400 mg IV twice daily†

Children

Preferred choices
Streptomycin, 15 mg/kg IM twice daily

(should not exceed 2 g/d)
Gentamicin, 2.5 mg/kg IM or IV 3 times

daily†
Alternative choices

Doxycycline; if weight $45 kg, 100 mg IV
twice daily; if weight ,45 kg, give 2.2
mg/kg IV twice daily

Chloramphenicol, 15 mg/kg IV 4 times
daily†

Ciprofloxacin, 15 mg/kg IV twice daily†‡

Pregnant Women

Preferred choices
Gentamicin, 5 mg/kg IM or IV once daily†
Streptomycin, 1 g IM twice daily

Alternative choices
Doxycycline, 100 mg IV twice daily
Ciprofloxacin, 400 mg IV twice daily†

*Treatment with streptomycin, gentamicin, or ciprofloxa-
cin should be continued for 10 days; treatment with doxy-
cycline or chloramphenicol should be continued for 14-21
days. Persons beginning treatment with intramuscular
(IM) or intravenous (IV) doxycycline, ciprofloxacin, or chlor-
amphenicol can switch to oral antibiotic administration
when clinically indicated.

†Not a US Food and Drug Administration–approved use.
‡Ciprofloxacin dosage should not exceed 1 g/d in children.

Table 3. Working Group Consensus
Recommendations for Treatment of Patients
With Tularemia in a Mass Casualty Setting
and for Postexposure Prophylaxis*

Mass Casualty Recommended Therapy

Adults

Preferred choices
Doxycycline, 100 mg orally twice daily
Ciprofloxacin, 500 mg orally twice daily†

Children

Preferred choices
Doxycycline; if $45 kg, give 100 mg orally

twice daily; if ,45 kg, give 2.2 mg/kg
orally twice daily

Ciprofloxacin, 15 mg/kg orally twice daily†‡

Pregnant Women

Preferred choices
Ciprofloxacin, 500 mg orally twice daily†
Doxycycline, 100 mg orally twice daily

*One antibiotic, appropriate for patient age, should be cho-
sen from among alternatives. The duration of all rec-
ommended therapies in Table 3 is 14 days.

†Not a US Food and Drug Administration–approved use.
‡Ciprofloxacin dosage should not exceed 1 g/d in children.
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maintained by the CDC, as are venti-
lators and other emergency equip-
ment needed to respond to situations
of large numbers of critically ill per-
sons that strip local and state re-
sources.30

Management of Special Groups
Pregnant Women. In a contained casu-
alty situation, short courses of gentami-
cin are likely to pose a low risk to fetuses
when used to treat tularemia in preg-
nantwomen(Table2).Rarecasesof fetal
nerve deafness and renal damage have
been reported with other aminoglyco-
sides but have not been reported with
gentamicin. The benefits of gentamicin
in treating pregnant women with tula-
remia are expected to outweigh any
potential risk to fetuses. In a mass casu-
alty situation, oral ciprofloxacin is con-
sidered the best alternative to gentami-
cin for pregnant women (Table 3).

Immunosuppressed Persons. There
is scant experience in treating tulare-
mia in immunocompromised patients.
However, considering the greater occur-
rence in immunocompetent patients of
tularemia relapses and treatment fail-
ures following use of bacteriostatic an-
timicrobial agents compared with
aminoglycosides, streptomycin or gen-
tamicin should be used when possible to
treat patients with known immune dys-
function in either contained casualty or
mass casualty situations (Table 2).

POSTEXPOSURE ANTIBIOTIC
RECOMMENDATIONS
Persons beginning treatment with strep-
tomycin, gentamicin, doxycycline, or
ciprofloxacin in the incubation period
of tularemia and continuing treat-
ment daily for 14 days might be pro-
tected against symptomatic infection.
In studies of aerosol challenge with in-
fective doses of the virulent SCHU S-4
strain of F tularensis, each of 8 volun-
teers given oral dosages of tetracy-
cline, 1 g/d for 28 days, and each of 8
volunteers given tetracycline, 2 g/d for
14 days, were fully protected when
treatment was begun 24 hours follow-
ing challenge.27 Two of 10 volunteers
given tetracycline, 1 g/d for only 5 days,

developed symptomatic tularemia af-
ter antibiotic treatment was stopped.

In the unlikely event that authori-
ties quickly become aware that an F tu-
larensis biological weapon has been
used and are able to identify and reach
exposed persons during the early in-
cubation period, the working group rec-
ommends that exposed persons be pro-
phylactically treated with 14 days of oral
doxycycline or ciprofloxacin (Table 3).
In a circumstance in which the weapon
attack has been covert and the event is
discovered only after persons start to
become ill, persons potentially ex-
posed should be instructed to begin a
fever watch. Persons who develop an
otherwise unexplained fever or flulike
illness within 14 days of presumed ex-
posure should begin treatment as out-
lined in Tables 2 and 3.

In the laboratory, persons who have
had potentially infective exposures to
F tularensis should be administered oral
postexposure antibiotic prophylaxis if
the risk of infection is high (eg, spill,
centrifuge accident, or needlestick). If
the risk is low, exposed persons can be
placed on a fever watch and treated if
they develop symptoms.

Postexposure prophylactic antibi-
otic treatment of close contacts of tu-
laremia patients is not recommended
since human-to-human transmission of
F tularensis is not known to occur.

INFECTION CONTROL
Isolation is not recommended for tu-
laremia patients, given the lack of hu-
man-to-human transmission. In hos-
pitals, standard precautions101 are
recommended by the working group for
treatment of patients with tularemia.

Microbiology laboratory personnel
should be alerted when tularemia is
clinically suspected. Routine diagnos-
tic procedures can be performed in bio-
logical safety level 2 (BSL-2) condi-
tions. Examination of cultures in which
F tularensis is suspected should be car-
ried out in a biological safety cabinet.
Manipulation of cultures and other ac-
tivities involving infectious materials
with a potential for aerosol or droplet
production (centrifuging, grinding, vig-

orous shaking, growing cultures in
volume, animal studies) require BSL-3
conditions.102 When F tularensis is pre-
sumptively identified in a routine BSL-2
clinical laboratory (level A), speci-
mens should be forwarded to a BSL-3
laboratory (level B) (eg, a state public
health laboratory) for confirmation of
agent and other studies, such as anti-
microbial susceptibility testing.11 Bod-
ies of patients who die of tularemia
should be handled using standard pre-
cautions. Autopsy procedures likely to
cause aerosols, such as bone sawing,
should be avoided. Clothing or linens
contaminated with body fluids of pa-
tients infected with F tularensis should
be disinfected per standard precau-
tions protocols.101

ENVIRONMENTAL
DECONTAMINATION
AND PROTECTION
Under natural conditions, F tularensis
may survive for extended periods in a
cold, moist environment. The work-
ing group lacks information on sur-
vival of intentionally dispersed par-
ticles but would expect a short half-
life due to desiccation, solar radiation,
oxidation and other environmental fac-
tors, and a very limited risk from sec-
ondary dispersal. In circumstances of
a laboratory spill or intentional use in
which authorities are concerned about
an environmental risk (eg, inanimate
surfaces wet with material thought to
contain F tularensis), decontamina-
tion can be achieved by spraying the
suspected contaminant with a 10%
bleach solution (1 part household
bleach and 9 parts water). After 10 min-
utes, a 70% solution of alcohol can be
used to further clean the area and re-
duce the corrosive action of the bleach.
Soap water can be used to flush away
less hazardous contaminations. Per-
sons with direct exposure to powder or
liquid aerosols containing F tularensis
should wash body surfaces and cloth-
ing with soap water. Standard levels of
chlorine in municipal water sources
should protect against waterborne in-
fection.60 Following an urban release,
the risk to humans of acquiring tula-
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remia from infected animals or arthro-
pod bites is considered minimal and
could be reduced by educating the pub-
lic on simple avoidance of sick or dead
animals and on personal protective
measures against biting arthropods.

ADDITIONAL RESEARCH
Simple, rapid, and reliable diagnostic
tests that could be used to identify per-
sons infected with F tularensis in the
mass exposure setting need to be de-
veloped. Further methods should be de-
signed to rapidly define the molecular
genetic characteristics of organisms, es-
pecially as they may relate to engi-
neered attributes, such as enhanced
virulence and resistance to antimicro-
bial agents or normally lethal environ-
mental conditions. Complete sequenc-
ing and analysis of the genome of
natural strains of F tularensis would pro-
vide an archival base for understand-
ing genetic variants, functions of genes,
and mechanisms of action useful in de-
veloping means to protect against F tu-
larensis. Research is also needed to de-
velop accurate and reliable procedures
to rapidly detect F tularensis in envi-
ronmental samples.

New technologies should be ex-
plored for developing active (eg, DNA-
based) or passive (eg, monoclonal an-
tibody–based) vaccines for rapid
preexposure or postexposure protec-
tion.
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ALL SUSPECT CASES OF TULAREMIA MUST BE REPORTED IMMEDIATELY TO
THE PLACER COUNTY HEALTH AND HUMAN SERVICES, COMMUNICABLE
DISEASE CONTROL:

During Business Hours:  (530) 889-7141
After Hours (Nights, Weekends and Holidays):  Health Officer

Richard J. Burton, M.D., M.P.H., at (530) 889-7119
(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the 24-
hour dispatch at (530) 886-5375
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 I. KEY SUMMARY POINTS

Epidemiology:

•  Highly infectious after aerosolization
•  Infectious dose can be as low as 10-15 organisms
•  Person-to-person transmission does not occur

Clinical:
•  Incubation period is 3-6 days (ranges 1-21 days)
•  Aerosolization would most likely result in typhoidal tularemia, with pneumonic

involvement
•  Typhoidal tularemia is a nonspecific illness, with fever, headache, malaise and

non-productive cough (mortality rates can be as high as 30-60%)
•  Diagnosis requires high index of suspicion given nonspecific presentation

Laboratory Diagnosis:
•  Bacterial cultures should be handled in a Biosafety Level 3 facility; isolation of

organism can otherwise put laboratory workers at risk
•  Organism is difficult to culture and grows poorly on standard media; cysteine-

enriched media is required
•  Serology is most commonly used for diagnosis
•  Contact Placer County Public Health Laboratory at (530) 889-7205 for

assistance.
Patient Isolation:

•  Standard precautions. Respiratory isolation not required.
Treatment:

•  Streptomycin (7.5 mg/kg IM q 12 hours x 10-14 days) or gentamicin (3-5
mg/kg/day IV or IM qd in 3 divided doses x 10-14 days) are the preferred
antibiotics

•  Tetracyclines are alternative choices, although they are bacteriostatic and
associated with higher relapse rates and must be continued for at least 14
days

Prophylaxis:
•  Antibiotic prophylaxis is most effective if begun within 24 hours after exposure

to aerosol
•  Tetracyclines are recommended for 14 days

ALL SUSPECT CASES OF TULAREMIA MUST BE REPORTED
IMMEDIATELY TO

THE PLACER COUNTY HEALTH AND HUMAN SERVICES, COMMUNICABLE
DISEASE CONTROL:

During Business Hours:  (530) 889-7141
After Hours (Nights, Weekends and Holidays):  Health Officer

Richard J. Burton, M.D., M.P.H., at (530) 889-7119
(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the 24-
hour dispatch at (530) 886-5375)

 II. Introduction/Epidemiology

Tularemia is a zoonotic disease caused by Francisella tularensis, a gram-negative
intracellular coccobacillus. F. tularensis has several biovars; F. tularensis biovar tularensis
is the most common naturally-occurring isolate in the United States. The organism is
primarily recovered from lagomorphs (rabbits), rodents and arthropods (ticks and deer flies)
in the United States and from water, mosquitoes and aquatic mammals outside the United
States. The rabbit is the vertebrate most commonly associated with tularemia in North
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America. In recent years, the reported incidence of tularemia has declined to less than 200
cases per year in the United States.

Tularemia is acquired under natural conditions by direct inoculation (such as an arthropod
bite), animal contact such as skinning or eating infected animals, or via the airborne route.
(Domestic cats have occasionally transmitted tularemia by bites or scratches.) F. tularensis
may survive for prolonged periods in water, mud and animal carcasses; even if frozen
Francisella tularensis is highly infectious. After aerosolization, 10-50 virulent organisms
given by aerosol can cause infection in humans, and as few as 10 organisms can cause
infection when administered percutaneously. In the event of a bioterrorist attack,
aerosolization would be the most likely route of infection.

Tularemia transmission from patient-to-patient has never been reported, even among
patients with tularemia pneumonia. Persons exposed to an aerosol of Francisella tularensis
do not present a risk for secondary infection of others or for re-aerosolization of the
organism.

 III. Significance as a Potential Bioterrorist Agent
 o Weaponized by the United States military during the biologic offensive program in

the 1950s-1960s.
 o Highly infectious after aerosolization; infectious dose can be as low as 10 to 50

microorganisms if inhaled.
 o Aerosolized F. tularensis would cause typhoidal tularemia (a nonspecific, febrile

illness), with high mortality rates (30-60%) if untreated.
 IV. Clinical Manifestations

During an act of bioterrorism, release of an aerosol will be the most likely route of
transmission with typhoidal tularemia the most likely clinical presentation.

There are several different classification systems for clinical tularemia. The most
straightforward classifies tularemia into ulceroglandular (75% of patients) and typhoidal
(25% of patients). Ulceroglandular disease involves lesions on the skin or mucous
membranes (including conjunctiva), lymph nodes larger than 1 cm, or both. In typhoidal
tularemia, the lymph nodes are usually smaller than 1 cm and no skin or mucous
membrane lesions are present--this form is more commonly associated with pneumonia
and has a higher mortality rate.

A. Typhoidal Tularemia -- An acute, nonspecific febrile illness associated with F. tularensis
that is not associated with prominent lymphadenopathy. Typhoidal tularemia is mainly due
to inhalation of infected aerosols. Most likely form during an act of bioterrorism.

Incubation period: 3 - 6 days (range 1- 21 days)

Symptoms - prominent symptoms include:

 o fever with chills
 o headache
 o myalgias
 o sore throat
 o anorexia
 o nausea
 o vomiting
 o diarrhea (can be a major component of illness, generally watery stool not bloody)
 o abdominal pain
 o cough

Patients may develop a sepsis syndrome with hypotension, adult respiratory distress
syndrome, renal failure, disseminated intravascular coagulation and shock.
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Pleuropulmonary disease (pneumonic tularemia) is common with pulmonary infiltrates or
pleural effusions seen in up to 45% of typhoidal tularemia cases. A patchy, alveolar process
is most often seen on chest x-ray. Patients may develop acute respiratory distress
syndrome and require mechanical ventilation.

B. Ulceroglandular Tularemia -- generally due to inoculation of the organism into the skin or
mucous membranes.

Incubation period: 3 - 6 days (range 1 - 21 days)

Symptoms - Local papule develops at the inoculation site, with progression to a pustule
then an ulcer within several days. Lymphadenopathy develops in 85% of patients. Nodes
are usually tender and 0.5-10 cm in diameter (mean 2 cm). Enlarged nodes may become
fluctuant, drain spontaneously or persist for months to years.

A cutaneous ulcer occurs in 60% of cases. Ulcers are usually singular and 0.4-3.0 cm in
diameter, with heaped-up borders. Ulcers are almost always accompanied by regional
lymphadenopathy.

In addition, the following symptoms may be present (in decreasing order of likelihood of
appearance):

 o fever (present in 85% of patients)
 o chills
 o headache
 o cough
 o myalgia
 o chest pain
 o vomiting
 o arthralgia
 o sore throat
 o abdominal pain
 o diarrhea
 o dysuria
 o back pain
 o stiff neck

Ulceroglandular tularemia can also be complicated by pleuropulmonary disease or
pharyngeal involvement. Pharyngeal tularemia (via ingestion of contaminated food, water or
droplets) is associated with severe throat pain, exudative pharyngitis and often pharyngeal
ulcerations.

 V. Laboratory Diagnosis

Routine laboratory work must be done in Biosafety Level 2 facilities. However,
handling of bacterial cultures once the organism is identified should be done in
Biosafety Level 3 facilities If tularemia is suspected, please call the Placer County
Public Health Laboratory at (530) 889-7205 to arrange for submission of specimens
for testing. After hours, please call Health Officer Richard J. Burton, M.D., M.P.H., at
(530) 889-7119.

The diagnosis of tularemia requires a high index of suspicion since the disease often
presents with very nonspecific symptoms. The diagnosis can be made by recovery of the
organism from blood, ulcers, conjunctival exudates, sputum, pleural fluid, lymph nodes,
gastric washings and pharyngeal exudates. Since the organism is difficult to isolate and
constitutes a potential danger to laboratory personnel, serologic evidence of infection in a
patient with a compatible clinical syndrome is commonly used for diagnosis.
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 o Culture
F. tularensis grows poorly on standard media. It forms small, smooth, opaque
colonies when grown on media containing cysteine or other sulfhydryl compounds
(e.g., glucose cysteine blood agar or thioglycollate broth) at 37C. The organism has
also been isolated from automated radiometric detection systems if the media is
subcultured on chocolate agar. The bacteria grows slowly; some strains may require
up to 2-3 weeks to develop visible colonies. Notify the clinical laboratory in
advance of submitting specimens for culture which may contain F. tularensis,
since isolation of the organism can put laboratory workers at risk for
infection.

 o Serology
Antibody detection assays include tube agglutination, microagglutination and ELISA.
Significant antibody does not appear until the end of the second week of illness,
peaks at 4-5 weeks, and can persist for more than a decade. A single titre (by tube
agglutination) of > 1:160 is a presumptive positive; a four-fold rise is required for a
definitive serologic diagnosis. ELISA and microagglutination tests may be more
sensitive than tube agglutination. Antibodies may cross-react with Brucella spp.,
Proteus 0X19 and Yersinia spp. but dithiothreitol treatment of the serum will
eliminate most of these reactions. Serology testing is available through national
reference laboratories.

 VI. Handling Laboratory Specimens

Tularemia is the third most commonly reported laboratory-associated bacterial infection.
Cases have occurred among clinical laboratorians working with bacterial cultures.
Laboratory staff handling specimens from persons who are suspected of having tularemia
must wear face masks with eye protection, surgical gloves, protective gowns, and shoe
covers --- especially when working with pure bacterial cultures. Laboratory tests (such as
serological examinations and staining of impression smears) can be performed in Biological
Safety Level 2 cabinets.

Blood cultures should be maintained in a closed system and clinical isolates from
blood or any other site should be handled in Biological Safety Level 3 cabinets. Every
effort should be made to avoid splashing or creating an aerosol. Biosafety Level 3 practices
and facilities should be used for inoculation, incubation, centrifugation and harvesting of cell
cultures and the manipulation of infected tissues.

Accidental spills of potentially contaminated material should be decontaminated
immediately by covering liberally with a disinfectant solution (0.1% sodium hypochlorite or
sodium hydroxide (0.1N)). All biohazardous waste should be decontaminated by
autoclaving. Contaminated equipment or instruments may be decontaminated with a
hypochlorite solution, hydrogen peroxide, peracetic acid, 1% glutaraldehyde solution,
formaldehyde, ethylene oxide, copper irradiation, or other O.S.H.A. approved solutions, or
by autoclaving or boiling for 10 minutes.

 VII. Treatment

The treatment of choice for all forms of tularemia except meningitis is streptomycin;
gentamicin is an acceptable alternative. For both drugs, dosages must be adjusted for renal
insufficiency. Gentamicin is safe during pregnancy; avoid streptomycin due to its
association with irreversible deafness in children exposed in utero.

(1) Streptomycin: Adult dosage is 0.5-1.0 gm (7.5 mg/kg) intramuscularly every 12 hours
for 10-14 days. In very sick patients, streptomycin may be give at 15 mg/kg intramuscularly
every 12 hours for 10-14 days.
Pediatric dose: 15 mg/kg intramuscularly every 12 hours for 10-14 days.
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Alternatives:
(2) Gentamicin: 3-5 mg/kg/day intravenously or intramuscularly in three divided doses, with
a peak serum level of at least 5 ug/ml desirable. Continue for 10-14 days.
Pediatric dose: 2.5 mg/kg intravenously or intramuscularly every 8 hours for 10-14 days

(3) Tetracycline and chloramphenicol are bacteriostatic and associated with high relapse
rates. These agents must be continued for a minimum of 14 days. Tetracycline: 2 grams
/day IV or orally in four divided doses or doxycycline 100 mg IV or orally twice a day for at
least 14 days.
Pediatric dose: [Not recommended for children less than 9 years, pregnant or
lactating women] If > 45 kg, give adult dosage of doxycycline; if less than 45 kg, give 2.2
mg/kg twice a day. Tetracycline at 30 mg/kg/day orally, to a maximum of 2 grams/day, in
four divided doses for at least 14 days.

Chloramphenicol should generally not be used due to the availability of effective
alternatives with fewer serious side effects.

(4) Additional agents with favorable in vitro susceptibility tests but limited clinical data on
efficacy include: fluroquinolones (except cinoxacin), erythromycin (resistant strains of F.
tularensis have been identified), and rifampin. Penicillin and cephalosporins are not
effective and should not be used to treat tularemia.

Meningitis
A rare complication of tularemia, meningitis requires special attention with regard to therapy
as the penetration of streptomycin or gentamicin into the CSF is suboptimal. The treatment
of meningeal infection should include combination therapy with chloramphenicol plus
streptomycin or possibly a third-generation cephalosporin plus streptomycin (limited data
available on efficacy).

 VIII. Isolation of Patients

Tularemia is not transmissible from person-to-person. Standard precautions should be
followed for all patients -- respiratory isolation rooms are not required. Ulcers or wounds
in patients with tularemia should be covered and contact isolation maintained as F.
tularensis can be isolated from such lesions for one month or longer.

 IX. Disposal of Infectious Waste

Use of tracking forms, containment, storage, packaging, treatment and disposal methods
should be based upon the same rules as all other regulated medical wastes.

 X. Autopsy and Handling of Corpses

All postmortem procedures are to be performed using Respiratory Precautions.
Efforts should be made to avoid aerosolization.

 o All persons performing or assisting in postmortem procedures must wear mandated
P.P.E. (personal protective equipment) as delineated by O.S.H.A. guidelines.

 o Instruments should be autoclaved or sterilized with a 10% bleach solution or other
solutions approved by O.S.H.A. Surfaces contaminated during postmortem
procedures should be decontaminated with an appropriate chemical germicide such
as 10% hypochlorite or 5% phenol (carbolic acid).
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 XI. Management of Exposed Persons

An exposed person is defined as a person who has been exposed to the release of a
Francisella tularensis-containing aerosol.

 o Post-exposure prophylaxis: Antibiotic prophylaxis should begin as soon as
possible after exposure and is most effective if begun within 24 hours. Limited
data suggests that tetracyclines may be effective:
Tetracycline 500 mg orally in 4 divided doses for 14 days
Doxycycline 100mg orally twice daily for 14 days

 o Pediatric patients and pregnant women: Although tetracyclines are not generally
recommended for children under age 9 or for pregnant women, the risk of
developing tularemia may outweigh these limitations. Floroquinolones are a
potential alternative for prophylaxis.
Doxycycline:

 o If > 45 kg - 100 mg orally every 12 hours
 o If < 45 kg - 2.2 mg/kg orally every 12 hours

If antibiotic prophylaxis is not started within 24 hours of exposure, then exposed
persons should be instructed to begin a fever watch and seek medical care if
temperature exceeds 38.5 oC.

 XII. Reporting to the Health Department

Tularemia is a reportable condition in California.  Confirmed or suspect tularemia
cases must be reported immediately:

During business hours
Placer County Health and Human Services Communicable Disease Control at (530)
889-7141

After business hours
Placer County Health Officer Richard J. Burton, M.D., M.P.H., at (530) 889-7119

In the event that you are unable to reach a Communicable Disease Control Contact,
please call the Placer County Office of Emergency Services at (530) 886-5300 or
the 24-hour dispatch at (530) 886-5375
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VIRAL HEMMORHAGIC FEVERS

ALL SUSPECT CASES OF TULAREMIA MUST BE REPORTED IMMEDIATELY TO THE  HEALTH AND
HUMAN SERVICES COMMUNICABLE DISEASE CONTROL:

During business hours: (530) 889-7141
After hours (Health Officer Richard J. Burton, M.D., M.P.H.): (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact, please call the Placer
County Office of Emergency Services at (530) 886-5300 during business hours, or 24-hour dispatch at (530)

886-5375 after business hours.)

Etiologic Agents: Arenaviradae (Lassa, Junin, Machupo, Guanarito, and Sabia), Filoviradae (Marburg and
Ebola), Bunyaviradae (Congo-Crimean hemmorhagic fever virus and hantaviruses)and Flaviradae (yellow fever
and Dengue) can all cause viral hemmorhagic fever (VHF)

Epidemiology:

•  Highly infectious after aerosolization
•  Infectious dose can be as low as 1-10 organisms
•  Risk of person-to-person transmission depends on virus

Clinical:
•  Incubation period is 4 – 21 days, depending on virus
•  Clinical presentation would vary by viral agent; however, dominant clinical features of all

are a consequence of microvascular damage and changes in vascular permeability. Fever,
myalgia, and prostration may evolve to shock, generalized mucous membrane
hemmorhage, and neurologic, hematopoietic, or pulmonary involvement.

Laboratory Diagnosis:
•  Viral isolation should be handled in a Biosafety Level 3 or 4 facility and may take 3 – 10

days
•  ELISA or reverse transcriptase PCR available for most VHF viruses
•  Contact the Placer County Public Health Laboratory for assistance.

Patient Isolation:
•  Isolation room with contact precautions.

Treatment:
•  Ribavirin  (30 mg/kg IV x 1, then 15 mg/kg IV q 6 h x 4 days, 7.5 mg/kg IV q 8 x 6

days) may be helpful for Congo-Crimean hemmorhagic fever or arenaviruses

Prophylaxis:
•  Licensed vaccine available only for yellow fever
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ALL SUSPECT CASES OF Q FEVER    MUST BE REPORTED
IMMEDIATELY TO

THE PLACER COUNTY HEALTH AND HUMAN SERVICES,
COMMUNICABLE DISEASE CONTROL:

During Business Hours:  (530) 889-7141

After Hours (Nights, Weekends and Holidays):  Health Officer
Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375)
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 I. KEY SUMMARY POINTS

 Epidemiology:

 o Coxiella burnettii is highly infectious by the aerosol route

 o Q Fever is rarely transmitted from person to person

Clinical:

 o Incubation period is 10-40 days

 o Acute infection may be asymptomatic or a self-limited febrile illness

 o Chest x-ray evidence of pneumonia is present in up to 50% of cases

 o Mortality rate is less than 2%

 o Contact the Placer County Public Health Laboratory at (530) 8889-7141 for

assistance.

Diagnosis:

 o Requires serologic confirmation (IFA or ELISA)

 o Isolation of organism is not recommended due to significant hazards from handling

bacterial cultures in the laboratory

Treatment:

 o Illness usually resolves without treatment

 o Tetracyclines are the antibiotics of choice for more severe illnesses

Prophylaxis:

 o Tetracycline antibiotics are very effective if administered 8 to 12 days AFTER

exposure

 o Starting prophylaxis immediately after exposure can delay symptom onset but does

not prevent illness

Patient Isolation:

 o Universal precautions. Patients do not require isolation rooms
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ALL SUSPECT CASES OF Q FEVER MUST BE REPORTED
IMMEDIATELY TOTHE PLACER COUNTY HEALTH AND

HUMAN SERVICES, COMMUNICABLE DISEASE CONTROL:

During Business Hours:  (530) 889-7141
After Hours (Nights, Weekends and Holidays):  Health Officer

Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375)

 II. Introduction/Epidemiology

Q fever is a zoonotic disease caused by Coxiella burnetii, a rickettsia-like organism. C.

burnetii is unable to replicate outside host cells, but there is a spore-like form of the

organism that is extremely resistant to heat, dessication and many standard antiseptic

compounds. The organism can persist in the environment for long periods under harsh

conditions. Despite the inherent resilience of C. burnetii and its ease in transmissibility,

generally by inhaled aerosols, the acute clinical disease of Q fever is usually benign,

although temporarily incapacitating.

Coxiella burnetii is extremely infectious. Humans have been infected most commonly by

contact with domestic livestock, particularly goats, cattle and sheep but household pets,

notably cats, have also been associated with infection. The risk is highest when humans

are exposed to these animals at parturition, presumably via aerosolization of the organism

from the uterus during birthing. Coxiella organisms can persist in the local environment, and

produce infection, for weeks or months after contamination.

Q fever has VERY RARELY been transmitted from person-to-person (specifically,

transmission has occurred to attendants during autopsies and from an infected patient to

the attending obstetrician during delivery). Persons exposed to an aerosol of Coxiella

burnetii do not present a risk for secondary transmission to others or for re-

aerosolization of the organism.

 III. Significance as a Potential Bioterrorist Agent

 o The spore-like form of the organism is resistant to heat and dessication, and can

persist in the environment for long periods of time.
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 o Highly infectious when aerosolized and inhaled; a single organism may cause

clinical illness

 o Aerosolized Coxiella burnetii can result in an incapacitating respiratory illness;

however, severe illness and fatalities are rare.

 IV. Clinical Manifestations

During an act of bioterrorism, release of an aerosol will be the most likely route of

transmission.

A. Acute Q Fever

Incubation period - 10 - 40 days, duration of the incubation period is inversely

correlated with the size of the inoculum.

Symptoms - Acute disease is not clinically distinct, and illness resembles viral

respiratory infections or atypical pneumonias. Can be divided into 3 main

categories: (1) asymptomatic infection (seroconversion) - occurs in up to 50% of

exposed persons, (2) self-limited febrile flu-like illness without pneumonia lasting 2

to 14 days and (3) pneumonia. Hepatitis, meningo-encephalitis, myocarditis, and

pericarditis may be present acutely but are relatively uncommon.

Symptomatic patients exhibit any combination of the following (in order of

decreasing frequency of appearance):

SYMPTOM    RELATIVE FREQUENCY (%)

fever (present in all symptomatic patients)    80-100

chills, rigors    75-100

severe headache, retroorbital pain

     (may be a useful clue to diagnosis)
   

50-100

fatigue, anorexia, weight loss    50-85

cough    50-60

myalgia    45-84

pleuritic chest pain    40-50

nausea, vomiting    15-20

diarrhea    5-20

neck stiffness    5-7

Pneumonia -Chest x-ray evidence of pneumonia may be present in up to 50% of

patients. There are three possible presentations: (a) atypical pneumonia (dry



Last Revised 10/19/01

nonproductive cough) (b) rapidly progressive pneumonia (often mimicking

Legionnaire's disease), or (c) pneumonia with fever but no pulmonary symptoms

[most common clinical scenario for acute Q fever]. Radiographic findings: Variable;

may have pleural-based opacities, multiple rounded opacities, about 35% have

pleural effusion, hilar adenopathy is uncommon.

Duration - 2 days - 2 weeks

Mortality - Low, estimated to be about 2% (usually in patients with co-morbid

conditions)

B. Chronic Q Fever

Chronic infection due to Q fever is uncommon, occurring in less than 1% of acute

infections. Endocarditis is the usual manifestation of Q fever but a wide array of syndromes

have been described including: infection of vascular grafts, osteomyelitis, infectious

arthritis, chronic hepatitis, pseudotumor of the lung, chronic pulmonary fibrosis, infection

during pregnancy with miscarriage and prolonged fever.

Incubation period - varies, can be months to several years

Symptoms - Variable depending on specific clinical syndrome. Most often

diagnosed in patients with either a cardiovascular abnormality ( valvulopathy,

prosthesis or aneurysm) or an underlying immunocompromised state (i.e., HIV

infection or cancer).

Laboratory Diagnosis

ALL SUSPECT CASES OF Q FEVER MUST BE REPORTED
IMMEDIATELY TOTHE PLACER COUNTY HEALTH AND

HUMAN SERVICES, COMMUNICABLE DISEASE CONTROL:

During Business Hours:  (530) 889-7141
After Hours (Nights, Weekends and Holidays):  Health Officer

Richard J. Burton, M.D., M.P.H., at (530) 889-7119

(In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or the

24-hour dispatch at (530) 886-5375)
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The diagnosis of Q Fever requires a high index of suspicion since the disease often

presents with nonspecific symptoms which can be difficult to distinguish from viral illnesses

or atypical pneumonia. The diagnosis is generally confirmed serologically; most laboratories

are not equipped to isolate Coxiella burnetii and isolation of the organism is not

recommended due to the significant hazards from handling bacterial cultures in the

laboratory.

 o Serology

Several assays are available; antibody detection by indirect fluorescent antibody

(IFA) or ELISA are used most commonly and appear to be the most sensitive.

Significant IgM antibody does not appear until 2-3 weeks into illness and may

persist for years. Acute and convalescent (2-3 months after onset of illness)

antibody titres show a four-fold rise. In acute Q fever, antibodies to phase II antigens

are higher than those to phase I antigens, in chronic Q fever the reverse occurs.

Antibodies of the IgM type are usually observed for the first 6-12 months after

infection, with IgG persisting afterward.

 o Contact the Placer County Public Health Laboratory at (530) 889-7205 for

assistance.

 V. Handling Laboratory Specimens

Laboratory staff handling specimens from persons who might have Q fever must wear

surgical gloves, protective gowns, and shoe covers. Laboratory tests, such as serological

examinations and staining of tissue impression smears, can be performed in Biological

Safety Level 2 cabinets; although not recommended, blood cultures should be maintained

in a closed system. Every effort should be made to avoid splashing or creating an aerosol.

Biosafety Level 3 practices and facilities should be used for inoculation, incubation and

harvesting of cell cultures and the manipulation of infected tissues.

Accidental spills of potentially contaminated material should be decontaminated

immediately by covering liberally with a disinfectant solution (0.05% hypochlorite, 5%

peroxide, or 1:100 solution of Lysol). All biohazardous waste should be decontaminated by

autoclaving. Contaminated equipment or instruments may be decontaminated with a

hypochlorite solution, hydrogen peroxide, peracetic acid, 1% glutaraldehyde solution,

formaldehyde, ethylene oxide, copper irradiation, or other O.S.H.A. approved solutions, or

by autoclaving or boiling for 10 minutes.
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 VI. Treatment

A. Acute Q Fever

Pneumonia usually resolves without treatment in 15 days; therefore, in the event of a

bioterrorist attack, therapy may only be required for persons with more severe illness.

Several antibiotics have been evaluated as therapeutic agents for acute Q fever --

tetracyclines have been shown to shorten the duration of illness and are considered the

drug of choice, particularly for severe infection:

 o Adult dosages:

Doxycycline 100 mg every 12 hours po or IV for 15-21 days or tetracycline 500

mg po every 6 hours for 15-21 days. (NOTE: For milder illnesses, 5-7 days of

therapy may be sufficient)

Alternatives:

Quinolones, chloramphenicol, trimethroprim-sulfamethoxazole are also probably

effective.

Studies of erythromycin (500 mg - 1 gram every 6 hours p.o. or IV) have shown

conflicting results, and erythromycin is probably not preferred for cases of severe

pneumonia. Azithromycin appears to be another option but little clinical information

is available. Beta-lactam antibiotics are generally ineffective.

 o Pediatric dosages:

For more severe illnesses, when benefits outweigh the risks, consider use of

doxycycline (or co-trimoxazole or chloramphenicol).

If > or = 8 years of age: Doxycycline:

If > 45 kg - 100 mg IV or po every 12 hours

If < 45 kg - 2.2 mg/kg IV or po every 12 hours

If < 8 years of age: Co-trimoxazole 4 mg/kg IV or orally every 12

hours

Chloramphenicol 25 mg/kg orally every 12 hours

Newborns up to age 2

months:

Ciprofloxacin 10-20 mg/kg orally twice daily,

do not exceed 1 gram/day.
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 o Pregnant Women Post-Exposure Prophylaxis - Co-trimoxazole [1 DS tablet orally

twice daily], is the preferred antibiotic, except at term, when the risk of kernicteris is

greatest -- use fluoroquinolones [ciprofloxacin 500 mg orally twice daily]

B. Chronic Q Fever

Endocarditis requires combination therapy, usually with doxycycline plus rifampin or

possibly a quinolone plus rifampin. The duration of therapy is for years and a valve

replacement is often necessary.

 VII. Isolation of Patients

Q fever is not transmissible from person-to-person. Standard precautions should be

followed for all patients. Respiratory isolation rooms are not required.

 VIII. Disposal of Infectious Waste

Use of tracking forms, containment, storage, packaging, treatment and disposal methods

should be based upon the same rules as all other regulated medical wastes.

 IX. Autopsy and Handling of Corpses

All postmortem procedures are to be performed using Respiratory Precautions.

Efforts should be made to avoid aerosolization.

 o All persons performing or assisting in postmortem procedures must wear mandated

P.P.E. (personal protective equipment) as delineated by O.S.H.A. guidelines.

 o Instruments should be autoclaved or sterilized with a 10% bleach solution or other

solutions approved by O.S.H.A. Surfaces contaminated during postmortem

procedures should be decontaminated with an appropriate chemical germicide such

as 10% hypochlorite or 5% phenol (carbolic acid).

 X. Management of Exposed Persons

An exposed person is defined as a person who has been exposed to the release of a

Coxiella burnetii containing aerosol.

Post-exposure prophylaxis: Antibiotic prophylaxis is very effective and will prevent clinical

disease if administered 8-12 days AFTER exposure (doxycycline 100 mg po every 12

hours or tetracycline 500 mg po every 6 hours) for 5 days. Starting prophylaxis

immediately after exposure can delay onset of disease but not prevent symptoms

from occurring.
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Pediatric Post-Exposure Prophylaxis with Doxycycline:

If > or = 8 years of age: If > 45 kg - 100 mg orally every 12 hours for 5 days

If < 45 kg - 2.2 mg/kg orally every 12 hours for 5 days

If < 8 years of age: Co-trimoxazole 4 mg/kg orally every 12 hours for

5 days

Chloramphenicol 25 mg/kg orally every 12 hours for

5 days

Newborns up to age 2

months:

Ciprofloxacin 10-20 mg/kg orally twice daily

for 5 days, do not exceed 1

gram/day

 XI. Reporting to the Health Department

Confirmed or suspect Q Fever cases must be reported immediately to the Placer

County Health and Human Services Communicable Disease Control:

 o During business hours

Placer County Health and Human Services Communicable Disease Control at (530)

889-7141

 o After business hours

Placer County Health Officer Richard J. Burton, M.D., M.P.H., at (530) 889-7119

 o In the event that you are unable to reach a Communicable Disease Control Contact,

please call the Placer County Office of Emergency Services at (530) 886-5300 or

the 24-hour dispatch at (530) 886-5375
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Biological and Chemical Terrorism:
Strategic Plan for Preparedness and Response

Recommendations of the CDC Strategic Planning Workgroup

”. . . and he that will not apply new remedies must expect new evils; for time is the
greatest innovator. . . .”

–The Essays by Sir Francis Bacon, 1601

Summary

The U.S. national civilian vulnerability to the deliberate use of biological and
chemical agents has been highlighted by recognition of substantial biological
weapons development programs and arsenals in foreign countries, attempts to
acquire or possess biological agents by militants, and high-profile terrorist
attacks. Evaluation of this vulnerability has focused on the role public health will
have detecting and managing the probable covert biological terrorist incident with
the realization that the U.S. local, state, and federal infrastructure is already
strained as a result of other important public health problems. In partnership with
representatives for local and state health departments, other federal agencies,
and medical and public health professional associations, CDC has developed a
strategic plan to address the deliberate dissemination of biological or chemical
agents. The plan contains recommendations to reduce U.S. vulnerability to
biological and chemical terrorism — preparedness planning, detection and
surveillance, laboratory analysis, emergency response, and communication
systems. Training and research are integral components for achieving these
recommendations. Success of the plan hinges on strengthening the relationships
between medical and public health professionals and on building new partner-
ships with emergency management, the military, and law enforcement professionals.

INTRODUCTION

An act of biological or chemical terrorism might range from dissemination of aero-
solized anthrax spores to food product contamination, and predicting when and how such
an attack might occur is not possible. However, the possibility of biological or chemical
terrorism should not be ignored, especially in light of events during the past 10 years
(e.g., the sarin gas attack in the Tokyo subway [1 ] and the discovery of military
bioweapons programs in Iraq and the former Soviet Union [2 ]). Preparing the nation to
address this threat is a formidable challenge, but the consequences of being unprepared
could be devastating.

The public health infrastructure must be prepared to prevent illness and injury that
would result from biological and chemical terrorism, especially a covert terrorist attack.
As with emerging infectious diseases, early detection and control of biological or chemi-
cal attacks depends on a strong and flexible public health system at the local, state, and
federal levels. In addition, primary health-care providers throughout the United States
must be vigilant because they will probably be the first to observe and report unusual
illnesses or injuries.
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This report is a summary of the recommendations made by CDC’s Strategic Planning
Workgroup in Preparedness and Response to Biological and Chemical Terrorism: A Stra-
tegic Plan (CDC, unpublished report, 2000 ), which outlines steps for strengthening public
health and health-care capacity to protect the United States against these dangers. This
strategic plan marks the first time that CDC has joined with law enforcement, intelligence,
and defense agencies in addition to traditional CDC partners to address a national secu-
rity threat.

As a reflection of the need for broad-based public health involvement in terrorism
preparedness and planning, staff from CDC’s centers, institute, and offices participated in
developing the strategic plan, including the

● National Center for Infectious Diseases,

● National Center for Environmental Health,

● Public Health Practice Program Office,

● Epidemiology Program Office,

● National Institute for Occupational Safety and Health,

● Office of Health and Safety,

● National Immunization Program, and

● National Center for Injury Prevention and Control.

The Agency for Toxic Substances and Disease Registry (ATSDR) is also participating with
CDC in this effort and will provide expertise in the area of industrial chemical terrorism.
In this report, the term CDC  includes ATSDR when activities related to chemical terror-
ism are discussed. In addition, colleagues from local, state, and federal agencies; emer-
gency medical services (EMS); professional societies; universities and medical centers;
and private industry provided suggestions and constructive criticism.

Combating biological and chemical terrorism will require capitalizing on advances in
technology, information systems, and medical sciences. Preparedness will also require a
re-examination of core public health activities (e.g., disease surveillance) in light of these
advances. Preparedness efforts by public health agencies and primary health-care pro-
viders to detect and respond to biological and chemical terrorism will have the added
benefit of strengthening the U.S. capacity for identifying and controlling injuries and
emerging infectious diseases.

U.S. VULNERABILITY TO BIOLOGICAL

AND CHEMICAL TERRORISM

Terrorist incidents in the United States and elsewhere involving bacterial pathogens
(3 ), nerve gas (1 ), and a lethal plant toxin (i.e., ricin) (4 ), have demonstrated that the
United States is vulnerable to biological and chemical threats as well as explosives.
Recipes for preparing “homemade” agents are readily available (5 ), and reports of
arsenals of military bioweapons (2 ) raise the possibility that terrorists might have ac-
cess to highly dangerous agents, which have been engineered for mass dissemination as
small-particle aerosols. Such agents as the variola virus, the causative agent of small-
pox, are highly contagious and often fatal. Responding to large-scale outbreaks caused
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● Because the initial detection of a covert biological or chemical attack will probably
occur at the local level, disease surveillance systems at state and local health
agencies must be capable of detecting unusual patterns of disease or injury,
including those caused by unusual or unknown threat agents.

● Because the initial response to a covert biological or chemical attack will probably
be made at the local level, epidemiologists at state and local health agencies must
have expertise and resources for responding to reports of clusters of rare, unusual,
or unexplained illnesses.

by these agents will require the rapid mobilization of public health workers, emergency
responders, and private health-care providers. Large-scale outbreaks will also require
rapid procurement and distribution of large quantities of drugs and vaccines, which must
be available quickly.

OVERT VERSUS COVERT TERRORIST ATTACKS

In the past, most planning for emergency response to terrorism has been concerned
with overt attacks (e.g., bombings). Chemical terrorism acts are likely to be overt be-
cause the effects of chemical agents absorbed through inhalation or by absorption
through the skin or mucous membranes are usually immediate and obvious. Such at-
tacks elicit immediate response from police, fire, and EMS personnel.

In contrast, attacks with biological agents are more likely to be covert. They present
different challenges and require an additional dimension of emergency planning that
involves the public health infrastructure (Box 1). Covert dissemination of a biological
agent in a public place will not have an immediate impact because of the delay between
exposure and onset of illness (i.e., the incubation period). Consequently, the first casual-
ties of a covert attack probably will be identified by physicians or other primary health-
care providers. For example, in the event of a covert release of the contagious variola
virus, patients will appear in doctors’ offices, clinics, and emergency rooms during the
first or second week, complaining of fever, back pain, headache, nausea, and other symp-
toms of what initially might appear to be an ordinary viral infection. As the disease
progresses, these persons will develop the papular rash characteristic of early-stage
smallpox, a rash that physicians might not recognize immediately. By the time the rash
becomes pustular and patients begin to die, the terrorists would be far away and the
disease disseminated through the population by person-to-person contact. Only a short
window of opportunity will exist between the time the first cases are identified and a
second wave of the population becomes ill. During that brief period, public health officials
will need to determine that an attack has occurred, identify the organism, and prevent
more casualties through prevention strategies (e.g., mass vaccination or prophylactic
treatment). As person-to-person contact continues, successive waves of transmission
could carry infection to other worldwide localities. These issues might also be relevant
for other person-to-person transmissible etiologic agents (e.g., plague or certain viral
hemorrhagic fevers).

BOX 1. Local public health agency preparedness

Certain chemical agents can also be delivered covertly through contaminated food or
water. In 1999, the vulnerability of the food supply was illustrated in Belgium, when
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chickens were unintentionally exposed to dioxin-contaminated fat used to make animal
feed (6 ). Because the contamination was not discovered for months, the dioxin, a
cancer-causing chemical that does not cause immediate symptoms in humans, was
probably present in chicken meat and eggs sold in Europe during early 1999. This
incident underscores the need for prompt diagnoses of unusual or suspicious health
problems in animals as well as humans, a lesson that was also demonstrated by the
recent outbreak of mosquitoborne West Nile virus in birds and humans in New York City
in 1999. The dioxin episode also demonstrates how a covert act of foodborne biological
or chemical terrorism could affect commerce and human or animal health.

FOCUSING PREPAREDNESS ACTIVITIES

Early detection of and response to biological or chemical terrorism are crucial. With-
out special preparation at the local and state levels, a large-scale attack with variola
virus, aerosolized anthrax spores, a nerve gas, or a foodborne biological or chemical
agent could overwhelm the local and perhaps national public health infrastructure.
Large numbers of patients, including both infected persons and the “worried well,”
would seek medical attention, with a corresponding need for medical supplies, diagnos-
tic tests, and hospital beds. Emergency responders, health-care workers, and public
health officials could be at special risk, and everyday life would be disrupted as a result
of widespread fear of contagion.

Preparedness for terrorist-caused outbreaks and injuries is an essential component
of the U.S. public health surveillance and response system, which is designed to protect
the population against any unusual public health event (e.g., influenza pandemics, con-
taminated municipal water supplies, or intentional dissemination of Yersinia pestis , the
causative agent of plague [7 ]). The epidemiologic skills, surveillance methods, diagnos-
tic techniques, and physical resources required to detect and investigate unusual or
unknown diseases, as well as syndromes or injuries caused by chemical accidents, are
similar to those needed to identify and respond to an attack with a biological or chemical
agent. However, public health agencies must prepare also for the special features a
terrorist attack probably would have (e.g., mass casualties or the use of rare agents)
(Boxes 2–5). Terrorists might use combinations of these agents, attack in more than one
location simultaneously, use new agents, or use organisms that are not on the critical
list (e.g., common, drug-resistant, or genetically engineered pathogens). Lists of critical
biological and chemical agents will need to be modified as new information becomes
available. In addition, each state and locality will need to adapt the lists to local condi-
tions and preparedness needs by using the criteria provided in CDC’s strategic plan.

Potential biological and chemical agents are numerous, and the public health infra-
structure must be equipped to quickly resolve crises that would arise from a biological
or chemical attack. However, to best protect the public, the preparedness efforts must
be focused on agents that might have the greatest impact on U.S. health and security,
especially agents that are highly contagious or that can be engineered for widespread
dissemination via small-particle aerosols. Preparing the nation to address these dan-
gers is a major challenge to U.S. public health systems and health-care providers. Early
detection requires increased biological and chemical terrorism awareness among front-
line health-care providers because they are in the best position to report suspicious
illnesses and injuries. Also, early detection will require improved communication sys-
tems between those providers and public health officials. In addition, state and local
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Steps in Preparing for Biological Attacks

● Enhance epidemiologic capacity to detect and respond to biological attacks.
● Supply diagnostic reagents to state and local public health agencies.
● Establish communication programs to ensure delivery of accurate information.
● Enhance bioterrorism-related education and training for health-care professionals.
● Prepare educational materials that will inform and reassure the public during and

after a biological attack.
● Stockpile appropriate vaccines and drugs.
● Establish molecular surveillance for microbial strains, including unusual or drug-

resistant strains.
● Support the development of diagnostic tests.
● Encourage research on antiviral drugs and vaccines.

Category A

The U.S. public health system and primary health-care providers must be
prepared to address varied biological agents, including pathogens that are rarely
seen in the United States. High-priority agents include organisms that pose a risk
to national security because they

● can be easily disseminated or transmitted person-to-person;
● cause high mortality, with potential for major public health impact;
● might cause public panic and social disruption; and
● require special action for public health preparedness (Box 2).
Category A agents include
● variola major (smallpox);
● Bacillus anthracis (anthrax);
● Yersinia pestis (plague);
● Clostridium botulinum toxin (botulism);
● Francisella tularensis (tularaemia);
● filoviruses,

— Ebola hemorrhagic fever,
— Marburg hemorrhagic fever; and

● arenaviruses,
— Lassa (Lassa fever),
— Junin (Argentine hemorrhagic  fever) and related viruses.

health-care agencies must have enhanced capacity to investigate unusual events and
unexplained illnesses, and diagnostic laboratories must be equipped to identify biologi-
cal and chemical agents that rarely are seen in the United States. Fundamental to these
efforts is comprehensive, integrated training designed to ensure core competency in
public health preparedness and the highest levels of scientific expertise among local,
state, and federal partners.

BOX 2. Preparing public health agencies for biological attacks

BOX 3. Critical biological agents



6 MMWR April 21, 2000

BOX 3. (Continued) Critical biological agents

Category B

Second highest priority agents include those that
● are moderately easy to disseminate;
● cause moderate morbidity and low mortality; and
● require specific enhancements of CDC’s diagnostic capacity and enhanced

disease surveillance.
Category B agents include
● Coxiella burnetti (Q fever);
● Brucella species (brucellosis);
● Burkholderia mallei (glanders);
● alphaviruses,

— Venezuelan encephalomyelitis,
— eastern and western equine encephalomyelitis;

● ricin toxin from Ricinus communis (castor beans);
● epsilon toxin of Clostridium perfringens; and
● Staphylococcus enterotoxin B.
A subset of List B agents includes pathogens that are food- or waterborne.
These pathogens include but are not limited to
● Salmonella species,
● Shigella dysenteriae,
● Escherichia coli O157:H7,
● Vibrio cholerae, and
● Cryptosporidium parvum.

Category C

Third highest priority agents include emerging pathogens that could be
engineered for mass dissemination in the future because of

● availability;
● ease of production and dissemination; and
● potential for high morbidity and mortality and major health impact.
Category C agents include
● Nipah virus,
● hantaviruses,
● tickborne hemorrhagic fever viruses,
● tickborne encephalitis viruses,
● yellow fever, and
● multidrug-resistant tuberculosis.
Preparedness for List C agents requires ongoing research to improve disease

detection, diagnosis, treatment, and prevention. Knowing in advance which newly
emergent pathogens might be employed by terrorists is not possible; therefore,
linking bioterrorism preparedness efforts with ongoing disease surveillance and
outbreak response activities as defined in CDC’s emerging infectious disease
strategy is imperative.*

*CDC. Preventing emerging infectious diseases: a strategy for the 21st century. Atlanta,
Georgia: U.S. Department of Health and Human Services, 1998.
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Chemical agents that might be used by terrorists range from warfare agents to
toxic chemicals commonly used in industry. Criteria for determining priority
chemical agents include

● chemical agents already known to be used as weaponry;
● availability of chemical agents to potential terrorists;
● chemical agents likely to cause major morbidity or mortality;
● potential of agents for causing public panic and social disruption; and
● agents that require special action for public health preparedness (Box 4).
Categories of chemical agents include
● nerve agents,

— tabun (ethyl N,N-dimethylphosphoramidocyanidate),
— sarin (isopropyl methylphosphanofluoridate),
— soman (pinacolyl methyl phosphonofluoridate),
— GF (cyclohexylmethylphosphonofluoridate),
— VX (o-ethyl-[S]-[2-diisopropylaminoethyl]-methylphosphonothiolate);

● blood agents,
— hydrogen cyanide,
— cyanogen chloride;

● blister agents,
— lewisite (an aliphatic arsenic compound, 2-chlorovinyldichloroarsine),
— nitrogen and sulfur mustards,
— phosgene oxime;

● heavy metals,
— arsenic,
— lead,
— mercury;

● Volatile toxins,
— benzene,
— chloroform,
— trihalomethanes;

BOX 5. Chemical agents

BOX 4. Preparing public health agencies for chemical attacks

Steps in Preparing for Chemical Attacks

● Enhance epidemiologic capacity for detecting and responding to chemical
attacks.

● Enhance awareness of chemical terrorism among emergency medical service
personnel, police officers, firefighters, physicians, and nurses.

● Stockpile chemical antidotes.
● Develop and provide bioassays for detection and diagnosis of chemical injuries.
● Prepare educational materials to inform the public during and after a chemical

attack
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KEY FOCUS AREAS

 CDC’s strategic plan is based on the following five focus areas, with each area inte-
grating training and research:

● preparedness and prevention;

● detection and surveillance;

● diagnosis and characterization of biological and chemical agents;

● response; and

● communication.

Preparedness and Prevention

 Detection, diagnosis, and mitigation of illness and injury caused by biological and
chemical terrorism is a complex process that involves numerous partners and activities.
Meeting this challenge will require special emergency preparedness in all cities and

● pulmonary agents,
— phosgene,
— chlorine,
— vinyl chloride;

● incapacitating agents,
— BZ (3-quinuclidinyl benzilate);

● pesticides, persistent and nonpersistent;
● dioxins, furans, and polychlorinated biphenyls (PCBs);
● explosive nitro compounds and oxidizers,

— ammonium nitrate combined with fuel oil;
● flammable industrial gases and liquids,

— gasoline,
— propane;

● poison industrial gases, liquids, and solids,
— cyanides,
— nitriles; and

● corrosive industrial acids and bases,
— nitric acid,
— sulfuric acid.

Because of the hundreds of new chemicals introduced internationally each
month, treating exposed persons by clinical syndrome rather than by specific
agent is more useful for public health planning and emergency medical response
purposes. Public health agencies and first responders might render the most
aggressive, timely, and clinically relevant treatment possible by using treatment
modalities based on syndromic categories (e.g., burns and trauma, cardiorespira-
tory failure, neurologic damage, and shock). These activities must be linked with
authorities responsible for environmental sampling and decontamination.

BOX 5. (Continued) Chemical agents
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states. CDC will provide public health guidelines, support, and technical assistance to
local and state public health agencies as they develop coordinated preparedness plans
and response protocols. CDC also will provide self-assessment tools for terrorism pre-
paredness, including performance standards, attack simulations, and other exercises. In
addition, CDC will encourage and support applied research to develop innovative tools
and strategies to prevent or mitigate illness and injury caused by biological and chemical
terrorism.

Detection and Surveillance

Early detection is essential for ensuring a prompt response to a biological or chemical
attack, including the provision of prophylactic medicines, chemical antidotes, or vac-
cines. CDC will integrate surveillance for illness and injury resulting from biological and
chemical terrorism into the U.S. disease surveillance systems, while developing new
mechanisms for detecting, evaluating, and reporting suspicious events that might repre-
sent covert terrorist acts. As part of this effort, CDC and state and local health agencies
will form partnerships with front-line medical personnel in hospital emergency depart-
ments, hospital care facilities, poison control centers, and other offices to enhance detec-
tion and reporting of unexplained injuries and illnesses as part of routine surveillance
mechanisms for biological and chemical terrorism.

Diagnosis and Characterization of Biological and Chemical

Agents

CDC and its partners will create a multilevel laboratory response network for
bioterrorism (LRNB). That network will link clinical labs to public health agencies in all
states, districts, territories, and selected cities and counties and to state-of-the-art facili-
ties that can analyze biological agents (Figure 1). As part of this effort, CDC will transfer
diagnostic technology to state health laboratories and others who will perform initial
testing. CDC will also create an in-house rapid-response and advanced technology (RRAT)
laboratory. This laboratory will provide around-the-clock diagnostic confirmatory and
reference support for terrorism response teams. This network will include the regional
chemical laboratories for diagnosing human exposure to chemical agents and provide
links with other departments (e.g., the U.S. Environmental Protection Agency, which is
responsible for environmental sampling).

Response

A comprehensive public health response to a biological or chemical terrorist event
involves epidemiologic investigation, medical treatment and prophylaxis for affected
persons, and the initiation of disease prevention or environmental decontamination
measures. CDC will assist state and local health agencies in developing resources and
expertise for investigating unusual events and unexplained illnesses. In the event of a
confirmed terrorist attack, CDC will coordinate with other federal agencies in accord with
Presidential Decision Directive (PDD) 39. PDD 39 designates the Federal Bureau of In-
vestigation as the lead agency for the crisis plan and charges the Federal Emergency
Management Agency with ensuring that the federal response management is adequate
to respond to the consequences of terrorism (8 ). If requested by a state health agency,
CDC will deploy response teams to investigate unexplained or suspicious illnesses or
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Functional Levels of the Laboratory Response Network for Bioterrorism

Level A: Early detection of intentional dissemination of biological agents — Level A laboratories
will be public health and hospital laboratories with low-level biosafety facilities. Level A laborato-
ries will use clinical data and standard microbiological tests to decide which specimens and
isolates should be forwarded to higher level biocontainment laboratories. Level A laboratory staff
will be trained in the safe collection, packaging, labeling, and shipping of samples that might
contain dangerous pathogens.

Level B: Core capacity for agent isolation and presumptive-level testing of suspect specimens —
Level B laboratories will be state and local public health agency laboratories that can test for
specific agents and forward organisms or specimens to higher level biocontainment laboratories.
Level B laboratories will minimize false positives and protect Level C laboratories from overload.
Ultimately, Level B laboratories will maintain capacity to perform confirmatory testing and charac-
terize drug susceptibility.

Level C: Advanced capacity for rapid identification — Level C laboratories, which could be located
at state health agencies, academic research centers, or federal facilities, will perform advanced
and specialized testing. Ultimately, Level C laboratories will have the capacity to perform toxicity
testing and employ advanced diagnostic technologies (e.g., nucleic acid amplification and molecu-
lar fingerprinting). Level C laboratories will participate in the evaluation of new tests and reagents
and determine which assays could be transferred to Level B laboratories.

Level D: Highest level containment and expertise in the diagnosis of rare and dangerous biological
agents — Level D laboratories will be specialized federal laboratories with unique experience in
diagnosis of rare diseases (e.g., smallpox and Ebola). Level D laboratories also will develop or
evaluate new tests and methods and have the resources to maintain a strain bank of biological
agents. Level D laboratories will maintain the highest biocontainment facilities and will be able to
conduct all tests performed in Level A, B, and C laboratories, as well as additional confirmatory
testing  and characterization, as needed. They will also have the capacity to detect genetically
engineered agents.

FIGURE 1. Multilevel laboratory response network for bioterrorism that will link clinical
labs to public health agencies
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unusual etiologic agents and provide on-site consultation regarding medical manage-
ment and disease control. To ensure the availability, procurement, and delivery of medi-
cal supplies, devices, and equipment that might be needed to respond to terrorist-caused
illness or injury, CDC will maintain a national pharmaceutical stockpile.

Communication Systems

U.S. preparedness to mitigate the public health consequences of biological and chemi-
cal terrorism depends on the coordinated activities of well-trained health-care and public
health personnel throughout the United States who have access to up-to-the minute
emergency information. Effective communication with the public through the news me-
dia will also be essential to limit terrorists’ ability to induce public panic and disrupt daily
life. During the next 5 years, CDC will work with state and local health agencies to
develop a) a state-of-the-art communication system that will support disease surveil-
lance; b) rapid notification and information exchange regarding disease outbreaks that
are possibly related to bioterrorism; c) dissemination of diagnostic results and emer-
gency health information; and d) coordination of emergency response activities. Through
this network and similar mechanisms, CDC will provide terrorism-related training to
epidemiologists and laboratorians, emergency responders, emergency department per-
sonnel and other front-line health-care providers, and health and safety personnel.

PARTNERSHIPS AND IMPLEMENTATION

 Implementation of the objectives outlined in CDC’s strategic plan will be coordinated
through CDC’s Bioterrorism Preparedness and Response Program. Program personnel
are charged with a) helping build local and state preparedness, b) developing U.S. exper-
tise regarding potential threat agents, and c) coordinating response activities during
actual bioterrorist events. Program staff have established priorities for 2000–2002 re-
garding the focus areas (Box 6).

 Implementation will require collaboration with state and local public health agencies,
as well as with other persons and groups, including

● public health organizations,

● medical research centers,

● health-care providers and their networks,

● professional societies,

● medical examiners,

● emergency response units and responder organizations,

● safety and medical equipment manufacturers,

● the U.S. Office of Emergency Preparedness and other Department of Health and
Human Services agencies,

● other federal agencies, and

● international organizations.
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Preparedness and Prevention

● Maintain a public health preparedness and response cooperative agreement that
provides support to state health agencies who are working with local agencies in
developing coordinated bioterrorism plans and protocols.

● Establish a national public health distance-learning system that provides
biological and chemical terrorism preparedness training to health-care workers
and to state and local public health workers.

● Disseminate public health guidelines and performance standards on biological
and chemical terrorism preparedness planning for use by state and local health
agencies.

Detection and Surveillance

● Strengthen state and local surveillance systems for illness and injury resulting
from pathogens and chemical substances that are on CDC’s critical agents list.

● Develop new algorithms and statistical methods for searching medical databases
on a real-time basis for evidence of suspicious events.

● Establish criteria for investigating and evaluating suspicious clusters of human or
animal disease or injury and triggers for notifying law enforcement of suspected
acts of biological or chemical terrorism.

Diagnosis and Characterization of Biological and Chemical Agents

● Establish a multilevel laboratory response network for bioterrorism that links
public health agencies to advanced capacity facilities for the identification and
reporting of critical biological agents.

● Establish regional chemical terrorism laboratories that will provide diagnostic
capacity during terrorist attacks involving chemical agents.

● Establish a rapid-response and advanced technology laboratory within CDC to
provide around-the-clock diagnostic support to bioterrorism response teams and
expedite molecular characterization of critical biological agents.

Response

● Assist state and local health agencies in organizing response capacities to rapidly
deploy in the event of an overt attack or a suspicious outbreak that might be the
result of a covert attack.

● Ensure that procedures are in place for rapid mobilization of CDC terrorism
response teams that will provide on-site assistance to local health workers,
security agents, and law enforcement officers.

● Establish a national pharmaceutical stockpile to provide medical supplies in the
event of a terrorist attack that involves biological or chemical agents.

BOX 6. Implementation Priorities Regarding Focus Areas for 2000–2002
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RECOMMENDATIONS

 Implementing CDC’s strategic preparedness and response plan by 2004 will ensure
the following outcomes:

● U.S. public health agencies and health-care providers will be prepared to mitigate
illness and injuries that result from acts of biological and chemical terrorism.

● Public health surveillance for infectious diseases and injuries —  including events
that might indicate terrorist activity —  will be timely and complete, and reporting
of suspected terrorist events will be integrated with the evolving, comprehensive
networks of the national public health surveillance system.

● The national laboratory response network for bioterrorism will be extended to
include facilities in all 50 states. The network will include CDC’s environmental
health laboratory for chemical terrorism and four regional facilities.

● State and federal public health departments will be equipped with state-of-the-art
tools for rapid epidemiological investigation and control of suspected or
confirmed acts of biological or chemical terrorism, and a designated stock of
terrorism-related medical supplies will be available through a national
pharmaceutical stockpile.

● A cadre of well-trained health-care and public health workers will be available in
every state. Their terrorism-related activities will be coordinated through a rapid
and efficient communication system that links U.S. public health agencies and
their partners.

CONCLUSION

 Recent threats and use of biological and chemical agents against civilians have ex-
posed U.S. vulnerability and highlighted the need to enhance our capacity to detect and
control terrorist acts. The U.S. must be protected from an extensive range of critical
biological and chemical agents, including some that have been developed and stockpiled
for military use. Even without threat of war, investment in national defense ensures
preparedness and acts as a deterrent against hostile acts. Similarly, investment in the

Communication Systems

● Establish a national electronic infrastructure to improve exchange of emergency
health information among local, state, and federal health agencies.

● Implement an emergency communication plan that ensures rapid dissemination
of health information to the public during actual, threatened, or suspected acts of
biological or chemical terrorism.

● Create a website that disseminates bioterrorism preparedness and training
information, as well as other bioterrorism-related emergency information, to
public health and health-care workers and the public.

BOX 6. (Continued) Implementation Priorities Regarding Focus Areas for 2000–2002
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public health system provides the best civil defense against bioterrorism. Tools devel-
oped in response to terrorist threats serve a dual purpose. They help detect rare or
unusual disease outbreaks and respond to health emergencies, including naturally oc-
curring outbreaks or industrial injuries that might resemble terrorist events in their
unpredictability and ability to cause mass casualties (e.g., a pandemic influenza outbreak
or a large-scale chemical spill). Terrorism-preparedness activities described in CDC’s
plan, including the development of a public health communication infrastructure, a mul-
tilevel network of diagnostic laboratories, and an integrated disease surveillance sys-
tem, will improve our ability to investigate rapidly and control public health threats that
emerge in the twenty first century.
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1. Which of the following are good biological terrorism threats because of substantial

morbidity and mortality, ease of production, efficient dissemination, stability in aerosol,

or high infectivity?

A. Anthrax, chickenpox, botulism, and plague.

B. Anthrax, smallpox, chickenpox, and plague.

C. Anthrax, smallpox, botulism, and plague.

D. Anthrax, smallpox, mumps, and plague.

2. Biological weapons can be considered the ultimate weapon because they . . .

A. cause mass casualties.

B. are inexpensive and easy to produce.

C. can be difficult to detect.

D. can be disseminated at great distances.

E. all of the above.

3. Which of the following diseases have potential for person-to-person transmission?

A. Anthrax and plague.

B. Plague and botulism.

C. Botulism and brucellosis.

D. Smallpox and plague.

4. Which attribute does NOT determine whether or not a biological agent is included on

the CDC critical agent list?

A. The agent’s potential for causing morbidity and mortality to the public.

B. The agent’s ability to cause disease in animals.

C. The agent’s ability for dissemination to a large number of persons.

D. The need for special preparedness in response to the agent’s release.

E. The likelihood of person-to-person transmission of an agent because of its release.

GOALS and OBJECTIVES

This MMWR provides recommendations and guidance for initiating a national preparedness program for biological
and chemical terrorism. The recommendations were developed by a workgroup with representatives from the
Council of State and Territorial Epidemiologists, Association of State and Territorial Health Officials, and
Association of Public Health Laboratories, with contributions from federal and professional organizations during a
meeting held in August 1999. The goal of this report is to guide United States public health and medical
preparedness efforts. Upon completing this educational activity, the reader should be able to identify a) criteria
used to designate critical biological and chemical agents; b) five core focus areas for domestic terrorism
preparedness; c) critical components of public health response to terrorism; and d) partners in an effective
response to biological and chemical terrorism.

To receive continuing education credit, please answer all of the following questions.
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5. Which of the following would be included in a public health response to a biological

terrorism event or any other disease outbreak?

A. Conducting a surveillance.

B. Investigating disease clusters.

C. Testing a hypothesis regarding transmission.

D. Evaluating control strategies.

E. All of the above.

6. Which of the following would NOT be considered a requirement for public health

response preparedness for biological terrorism?

A. Stockpiling a national supply of vaccine, antitoxins, and medical equipment?

B. Vaccinating the civilian population for anthrax.

C. Creating a state emergency response plan for biological terrorism.

D. Establishing a surveillance system for critical biological agents.

7. Which of the following positions are responsible for evaluating or reporting a cluster of

disease that is suspected to be the result of terrorism activity?

A. Epidemiologists.

B. Primary-care providers.

C. Laboratorians.

D. Emergency response personnel (e.g., emergency medical service, fire, or police).

E. All of the above.

8. Which of the following federal agencies has responsibility for crisis management during

a biological or chemical terrorism event?

A. Internal Revenue Service.

B. Federal Bureau of Investigation.

C. Federal Emergency Management Agency.

D. Central Intelligence Agency.

E. Centers for Disease Control and Prevention.

9. Which of the following would NOT have a potential impact on the public health-care

system in case of a biological terrorism event involving anthrax?

A. Fear and panic among the public.

B. Overwhelming number of casualties.

C. Overwhelming demand for intensive care modalities.

D. High potential for patient-to-provider spread of the disease agent.

E. Overwhelming demand for antibiotics.
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10. Which of the following group(s) need to prepare and test a community emergency

preparedness plan?

A. Public and private health-care providers.

B. Public safety officials.

C. Law enforcement personnel.

D. Elected officials.

E. All of the above.

11. A local preparedness plan should include which of the following?

A. Communication systems between state and local groups.

B. Testing mechanisms in laboratories.

C. Plans to triage and treat mass casualties.

D. Exercises to test community plans.

E. All of the above.

12. The key components of a national preparedness plan include which of the following?

A. Establishing response mechanisms.

B. Strengthening surveillance systems.

C. Strengthening laboratory systems.

D. Enhancing communications and training.

E. All of the above.

13. Indicate your work setting.

A. State/local health department.

B. Other public health setting.

C. Hospital clinic/private practice.

D. Managed care organization.

E. Academic institution.

F. Other.

14. Which of the following best describes your professional activities?

A. Patient care — emergency/urgent care department.

B. Patient care — inpatient.

C. Patient care — primary-care clinic.

D. Laboratory/pharmacy.

E. Administration.

F. Public health.
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15. I plan to use these recommendations as the basis for . . . (Indicate all that apply.)

A. Health education materials.

B. Insurance reimbursement policies.

C. Local practice guidelines.

D. Public policy.

E. Other.

16. How much time did you spend reading this report and completing the exam?

A. 1–1½ hours.

B. More than 1½ hours but fewer than 2 hours.

C. 2–2½ hours.

D. More than 2½ hours.

17. After reading this report, I am confident I can identify criteria used to designate critical

biological and chemical agents.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

18. After reading this report, I am confident I can identify five core focus areas for domestic

terrorism preparedness.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

19. After reading this report, I am confident I can identify critical components of public

health response to terrorism.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.
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20. After reading this report, I am confident I can identify partners in an effective response to

biological and chemical terrorism.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

21. The objectives are relevant to the goal of this report.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

22. The text boxes and figure are useful.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

23. Overall, the presentation of the report enhanced my ability to understand the material.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

24. These recommendations will affect how I conduct or participate in biological and

chemical terrorism preparedness planning.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

Correct answers for questions 1–12

1. C; 2. E; 3. D; 4. B; 5. E; 6. B; 7. E; 8. B; 9. D; 10. E; 11. E; 12. E.
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